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Introduction 

The nuclear force has been the subject of a 
tremendous research effort for most of this century. 
So much progress has been made that researchers 
are now examining the quark content and their ef- 
fects in both many-body and in two-body nucleon- 
nucleon ( NN ) interactions. Paralleling this research, 
but on a different tack, are studies of the nucleon- 
antinucleon (NN) interaction and studies of the nu- 
clear force involving the antinucleon. The aim of 
this paper is to continue to combine (and add to) 
all that we know about the nuclear force with what 
we know about cosmic-ray bombardment of a space 
vehicle. Earlier work has led the way and it is be- 
cause of this pioneering effort (ref. 1) that we are 
able to present this study of possible antinuclei in 
cosmic rays. All studies indicate that antinuclear in- 
teractions with matter are more absorptive than their 
normal nuclear counterparts (ref. 2). If a significant 
abundance of antinuclei are found in the cosmic-ray 
spectrum, then shielding against them will be neces- 
sary. Even though many antiprotons and one antitri- 
ton have been observed in the cosmic-ray spectrum, 
it is highly speculative to assume that heavier anti- 
nuclei exist. On the other hand, these experiments 
were performed within the protection of Earth’s at- 
mosphere on balloon flights and may not reflect the 
actual abundance in space. The theoretical under- 
standing of the nuclear force is rather advanced if we 
think in terms of nucleons and pions. By treating 
the NN and NN systems as complementary, as we 
do in this work, one sees the possibility for the ex- 
istence of heavier antinuclei. Indeed, we can make 
predictions. To practice more precision, one would 
also like to include quarks in our theory of comple- 
mentarity; however, this is beyond the scope of the 
present work. Our motivation for the present work 
is based on the degree of clarity and success that 
the meson exchange framework provides for the NN 
interaction. 

This paper is divided into five main sections. The 
first section contains a brief discussion on the meson 
exchange framework of the NN interaction. The sec- 
ond contains a brief discussion on the existing meson 
exchange description of the NN interaction. In the 
third section, we discuss the nucleus-nucleus inter- 
action sometimes referred to as heavy ion scattering. 
The fourth section contains discussion of the little un- 
derstood antinucleus-nucleus interaction. It is also in 
this section that we present new cross-section results 
and interpret them in terms of lengthy space mis- 
sions. In the next section we briefly touch upon ra- 
diation damage to living tissue inflicted by a nucleus 
or antinucleus. The reader who is not interested in 


the details of the background information and theo- 
retical justifications found in the next three sections 
is encouraged to go directly to the section entitled 
“The Antinucleus-Nucleus Interaction.” Within the 
conclusion, we strongly urge that cosmic-ray experi- 
ments be undertaken to search for antinuclei of all Z 
and that these experiments be conducted as far away 
from the Earth’s protective atmosphere and magne- 
tosphere as possible. We also suggest that production 
rates for antideuterons and antitritons be determined 
in laboratory accelerator experiments. 

The NN Interaction 

In this section we provide an overview of the the- 
oretical situation of the NN interaction. We also, of 
course, consider experimental findings. This section 
and the next two sections serve as background ma- 
terial for our arguments on the antinucleus-nucleus 
model presented in this paper. 

In the meson theory of the nuclear force, the pion 
is said to be the mediator and one thinks of a bare nu- 
cleon surrounded by a cloud of pions. A dynamical 
model of two nucleons interacting with each other 
via their meson clouds has, thus, been developed. 
The scenario is straightforward. At large distances 
the two nucleons interact by the exchange of a single 
pion — the one-pion exchange process. This is illus- 
trated in figure 1(a). As the spatial separation be- 
tween nucleons decreases, they exchange more pions. 
This thinking leads to two-pion exchanges, three-pion 
exchanges, etc., as illustrated in figures 1(b) and 1(c). 
The reader must beware that vertex contributions 
such as is shown in figure 2 are, in general, not ex- 
plicitly calculated but rather included in the inter- 
pretation of the nucleon structure function. We will 
return to this point later. 

Within this scenario, a connection between the 
number of meson exchanges and the nucleons’ sepa- 
ration distance emerges naturally. Furthermore, by 
considering the diagrams of figures 1 and 2 as Feyn- 
man diagrams, one can cast this scenario into a po- 
tential model framework (ref. 3). 

This is a common sense picture, in principle. 
However, there are some serious difficulties to deal 
with in practice. For example, when one constructs 
a total NN potential from the sum of meson ex- 
changes, the series does not converge as the relative 
separation r goes to zero because the ttNN coupling 
constant is determined to be about 14. Another dif- 
ficulty which arises is in the calculation of exchanges 
other than one pion; they are technically difficult 
and particularly challenging when the exchanged pi- 
ons interact with each other while in flight (ref. 3). 
These diagrams are commonly referred to as “corre- 
lated graphs” and are shown in figure 3. 



The reader must not be misled into thinking that 
these difficulties cannot be overcome because they 
most certainly can be. The most sophisticated and 
well known is the Paris potential (ref. 4). Less so- 
phisticated one-boson exchange potentials (OBEP) 
are very tractable in obtaining solutions and uncov- 
ering the essential dynamics. In configuration space, 
a typical OBEP can be written 

Hot (r) = Hr (r) + V ff (r) + V p (r) + H w (r) (1) 
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Equation (1) is a phenomenological representation of 
the exact pion graphs of figures 1 through 3. By 
this we mean that the two-pion exchange graphs are 
represented by V a and V p which are the potentials 


(3b) 


due to a single “fictitious a-meson” exchange and 
a single p-meson exchange, respectively. Other me- 
son exchanges such as r] and <5 are often added to 
give better agreement with empirically determined 
NN phase shifts. For the three-pion exchange, all 
graphs are represented by the exchange of a single 
u;-meson; occasionally the exchange of an yli-meson 
is added in, for example. The number and type of 
mesons included in OBEP’s depend quite sensitively 
on the theoretical framework and the amount of free- 
dom one allows for parameter determination. In any 
case, the four mesons appearing in equation (1) are 
universally accepted as minimum ingredients. The 
“fictitious a” is fictitious because it has the quan- 
tum numbers of the e meson ( J nc — 0 ++ ) but with 
a variable mass typically far lower than the e mass. 
Such a particle has never been observed but is re- 
sponsible for the NN intermediate range attraction. 
This phenomenological ^--particle represents the two- 
pion exchange when the two pions are in a relative 
J — 0 state. The p-meson represents the two pions 
when they are in a relative J — 1 state. Many argu- 
ments suggest that the dominant three-pion contri- 
bution comes from the three pions in a relative J — 1 
state; hence the cj-meson (refs. 3 and 4). Much of the 
repulsive core is attributed to the u;-meson exchange. 

Even though our experience in fitting 7T7 t phase 
shifts, NN phase shifts and deuteron data suggest 
certain limits on the values of OBE coupling con- 
stants and masses— one still has freedom of choice. 
Thus, the coupling constants and masses of the OBE, 
save OPEP (one-pion exchange potential), are pa- 
rameters of the theory. By employing dispersion the- 
oretical techniques, the more sophisticated Paris po- 
tential group is able to calculate J — 0 and 1 two- 
pion contributions without the use of explicit cr- and 
p-potentials as found in equation (1) (ref. 4). 

Form factors or structure functions must be in- 
cluded; otherwise singularities appear in V(r) as 
r — ► 0. The physical interpretation of this form fac- 
tor is that the nucleon is not pointlike. This has been 
well-known for years. One such analytic form for this 
structure function is 


/(A) = 


A 2 - p 2 


( 4 ) 


where (i is the mass of the exchanged boson, t is the 
4-momentum transfer squared, and A is an adjustable 
form factor mass. One multiplies /(A) times the cor- 
responding Feynman diagram and then transforms 
the entire expression into position space. Equa- 
tion (1) represents the potential without form fac- 
tors and for the purposes of discussion for the present 
work, equation (1) is all that is needed. 
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Figure 4 illustrates the role that the four mesons 
of equation (1) play in, say, the deuteron’s channel. 
The deuteron is the only bound state of the NN 
system. 

All in all there are many demonstrations show- 
ing how very well the meson exchange theory works 
for the NN interaction and for many-body interac- 
tions. Reference 4 is a nonrelativistic theory. For a 
relativistic NN theory, see references 5 and 6. 

The NN Interaction 

In the previous section, a rather broad overview of 
meson exchange theory for the NN interaction was 
given. In this section, we apply that overview to the 
elastic part of the NN interaction and make com- 
parisons with the NN interaction. We also address 
the large, yet not so well-understood, inelastic NN 
interaction. 

Once again we begin with meson exchange the- 
ory; and, in analogy with the charge conjugation 
operation which takes electron-electron scattering to 
electron-position scattering, we obtain an elastic NN 
potential by G-parity transforming the NN potential 
(ref. 7). Put quite simply, the G-parity transforma- 
tion changes the sign of NN potentials which arise 
from an odd number of pious being exchanged. Thus, 
in the model of equation (1), only V n and V u change 
overall signs: 

Vtot(r) = ~V w (r) + V ff (r) + V p {r) - V u {r) (5) 

This means, for example, that the repulsive core 
attributed to the c^-meson in figure 4 is now deeply 
attractive as illustrated in figure 5. This gives a 
quantitative justification for the strong attraction ob- 
served between an antinucleon and a nucleon. One 
can make comparative arguments of the NN and 
NN systems for any isospin, spin, and angular mo- 
mentum channel (partial wave) simply by using equa- 
tions (1), (2), and (5). The beauty of this procedure 
lies in the determination of which component (s) of 
the potential, either NN or NN , dominate the in- 
teraction for a given partial wave and at a given 
distance. This means that one can discuss coher- 
ences and supercoherences of spin-spin, spin-orbit, 
tensor, and quadratic spin-orbit forces in various par- 
tial wave channels of the NN and NN interactions. 
A clear description of this model-independent study 
has been put forth by Buck, Dover, and Richard 
(ref. 7) and more recently by Dover (ref. 8). 

In no way should one believe that the arguments 
presented above fully describe the NN interaction. 
Certainly the long range and perhaps the intermedi- 
ate range can be treated as we have, but unlike the 


NN interaction, the annihilation is very strong for 
NN even at low energies (see figs. 6 and 7) or, equiv- 
alently, for relative separations of r < 1 fm. It is this 
strong annihilation in the NN interaction which has 
no apparent counterpart in the NN system through 
meson exchange theory. 1 It is speculated that the 
solution of interpreting the NN and NN systems 
as purely complementary, or at least treating them 
on the same footing, can be found in the physics of 
quarks. As stated above, these ideas about quarks 
are beyond the scope of the present work; however, 
we can state that there is much discussion within the 
physics community focused on the NN interaction 
as six quarks and the NN interaction as being three 
quarks and three antiquarks and/or as two quarks 
and two antiquarks (ref._9). The number of quark- 
antiquark pairs in the NN system may be a function 
of energy. At any rate, the state of the art at this 
writing is to add an imaginary partial wave depen- 
dent potential (in nuclear physics it is more gener- 
ally known as “velocity dependence”) to the G-parity 
transformed NN potential to explain the very strong 
NN absorption: 

W(r) = | g c (1 + fcTi) + gss (1 4- fssT £,) 

a , 9LS T o 1 d 1 Ko{2Mr) 

+ 9 T S 12 + 4 jv 72 L ' ®7dr J 7 (6) 

where g c , g S s, 9T, 9L, /c, and f 3S are parameters and 
K 0 is a modified Bessel function, Tl is the lab energy 
(refs. 10 and 11). Thus, the full complex potential 
used to describe the NN system is 

K(r) = Vtot(r)-*W(r) (7) 

The number of adjustable parameters can obviously 
be adversely commented on; however, we have yet to 
devise a better scheme. We will, therefore, hold back 
any further comments on the form of equation (7) 
and accept the fact, for the moment, that it produces 
very good cross-section results. 

Our motivations for discussing the NN and NN 
interactions in a unified way is propelled by our 
notion of the symmetry of nuclear forces. As will 
be shown in the subsequent sections of this paper, 
we apply and test this notion of symmetry to many- 
body interactions, in particular, heavy ion reaction. 
However, before pressing on to the next section, 
we would like to comment that no matter how one 
theoretically treats the NN and NN systems, the 
experimental results speak for themselves. Figures 6 

1 Note that because the NN system has net baryon number 
equal to zero, there is no Pauli principle (see ref. 7). 
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and 7 illustrate the cross-section data for PP and 
PP, respectively. Since 


section which is given in the Eikonal approximation 

by 


^in — °tot ^cl (®) 

one observes that PP has a much larger inelastic 
channel than does PP for the energies shown. We 
use these cross-section data and non-meson theory 
in the next two sections to obtain theoretical results. 
We have focused on meson theory in this section 
and the previous section in order to help guide our 
thinking for the many-body problem. For many 
researchers, meson theory has been very useful in the 
understanding of many-body systems since for many 
calculations of nuclear matter, for example, a two- 
body NN potential is employed (refs. 12 and 13). 

The Nucleus-Nucleus Interaction 

It is in this section that ion-ion scattering is ad- 
dressed. The two-body NN interaction does not en- 
ter into our heavy ion formalism in the form of a po- 
tential but rather in the form of NN cross-sectional 
data. The advantages of using the NN data are that 
(1) theoretical uncertainties of various NN models 
are minimized and (2) we can obtain the degree of 
accuracy and predictive powers required for discus- 
sions of biological systems as is pointed out in the 
section on radiation damage. The main disadvan- 
tage in this approach is the inability to describe spin 
dependences adequately, thereby softening our accu- 
racy and predictive powers (e.g., differential cross 
section). Yet, as we show, the accuracy which we 
obtain for nucleus-nucleus total and absorptive cross 
sections is remarkably good compared with empirical 
data. 

The theoretical development has been extensively 
reported elsewhere. In a recent NASA Reference 
Publication (ref. 1) tables of nuclear cross sections 
for galactic cosmic rays are calculated and the optical 
model employed is outlined. For the purpose of 
consolidation, we briefly describe the model here. 

The heart of the calculation is the constituent- 
averaged energy-dependent two-body NN transition 
amplitude 

i( e >y) = <r(e)[a(e)+t][27rB(e)] -3 / 2 exp 

where a(e) is the empirical NN total cross as a func- 
tion of the center-of-mass kinetic energy e; a(e) is 
the ratio of elastic to inelastic empirical cross sec- 
tions; B(e) is the experimentally determined energy- 
dependent slope parameter; and y is the relative po- 
sition vector of the NN system. One of the end re- 
sults is the calculation of the ion-ion absorptive cross 
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The Ap and Ap are projectile and target atomic 
masses, respectively. The pp and pp are the tar- 
get and projectile nuclear densities, respectively, and 
£p is a collection of constituent relative coordinates 
for the target nucleus. Further, b is the impact pa- 
rameter, z is the position vector of the projectile 
in the beam direction, C is a correlation function 
which takes into account the Pauli principle and k is 
the projectile momentum. Once an adequate corre- 
lation function and the nuclear densities have been 
determined, one need only call upon empirical NN 
cross-sectional data to calculate a a u s . As is stated 
in reference 1, agreement with empirical nucleon- 
nucleus, deuteron-nucleus and nucleus-nucleus ab- 
sorptive cross sections is obtained to within 3 per- 
cent for energies between 80 MeV/nucleon and 
22.5 GeV/nucleon. Heavy and light nuclei in this 
energy range have been detected in the cosmic-ray 
spectrum. 

The Antinucleus-Nucleus Interaction 

We now come to the main results of this pa- 
per which have been reported, in part, elsewhere 
(ref. 14). 2 The thrust of this section is to fold 
nucleus-nucleus scattering together with antinucleus- 
nucleus scattering in a parallel way as NN and NN 
are done. In short, we introduce a technique to for- 
mulate heavy ion physics with antinucleons and cal- 
culate cross sections. 

We are motivated by the strong absorption found 
in the NN interaction and we want to study effects 
of many NN pairs annihilating in matter. We are 
also motivated by the obvious symmetry displayed in 
the two-body transition amplitude of equation (9). 
By replacing the NN empirical cross sections and 
the slope parameter with the corresponding NN 
quantities, antinucleus-nucleus cross sections can be 


2 Note that refs. 1 and 14 are nonrelativistic formulations. 
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calculated, provided that an appropriate non-Pauli 
blocking correlation function is inserted. In these 
first antinucleus-nucleus calculations we take C = 0 
and change the overall sign of the projectile antinu- 
clear charge density. Of course, antiprotons are read- 
ily produced in the lab at CERN and Brookhaven 
and are seen in the cosmic-ray spectrum (ref. 15). 
Because of the large PP annihilation, absorptive P- 
nucleus cross sections are expected to be larger than 
P-nucleus absorptive cross sections. Indeed, we find 
this to be true (see figs. 8 and 9). What about heavier 
antinuclei? Well, recently antideuterons have been 
produced in the lab at DESY (ref. 16) and a single 
antitriton event was reported in a cosmic-ray balloon 
experiment (ref. 17). The existence of these small 
antinulei are encouraging from the standpoint of our 
theoretical framework presented in this paper. How- 
ever, there are those who would say that the existence 
of large quantities of antinuclei is not possible. This 
point we prefer not to argue with, but rather take the 
stand that until very recently all of our cosmic-ray 
data have come from balloon experiments within the 
atmosphere. Obviously, our atmosphere is a major 
protective shield against cosmic rays, meteors, etc., 
and cosmic antinuclei, if they exist, would not be able 
to travel very deep into our atmosphere before being 
absorbed. Thus, it would not be surprising to find 
that the abundances of antinuclei would change at 
distances further away from Earth’s surface. There 
will be more discussion on this subject in the next 
section. 

Our goal in this section is merely to outline cal- 
culations of heavy ion cross sections involving anti- 
nuclei as projectiles. The only data that we have 
to compare with our theoretical results come from 
P — 12 0, P — A£, P — Cu, and P — Pb (refs. 18 to 
20). Illustrated in figures 8 and 9 are our a a b s pre- 
dictions along with the experimental P data. The 
reader can very quickly verify that agreement is well 
within 15 percent. Theoretical predictions for ener- 
gies higher than 400 MeV/nucleon can be found in 
table 1. Antideuteron and other antinucleus- nucleus 
cross sections (total and absorptive) can be found 
in tables 1 through 26. In each case we have em- 
ployed the NN cross-sectional data and slope pa- 
rameter (see figs. 7 and 10). We have assumed no 
Pauli principle in the NN interaction, and since we 
have not incorporated correlations (i.e., C = 0), our 
results are not exact. The reader is reminded, once 
again, that the only cross-section data that we are 
aware of is for P-nucleus scattering. 

Radiation Damage 

Why do we need to study nuclear physics with 
P, d , and other antinuclei? The answer is simple: 


because of the strong absorption, the antinuclei de- 
posit larger amounts of nuclear energy in a volume 
of matter than do their nuclei counterparts. This 
is clear from P-nucleus and P-nucleus studies; one 
need only look at the relative sizes of the cross sec- 
tions. From this, we speculate that antinuclei are po- 
tentially much more destructive to living tissue than 
their normal ion partners. 

The production of antiprotons in the lab (e.g., 
CERN, Fermilab, and Brookhaven) has become quite 
commonplace. Beams made of antiprotons are easily 
constructed and utilized in scattering experiments. 
Numerous antiprotons have been detected in the 
cosmic-ray spectrum through experiments flown on 
atmospheric balloons. Reports on d and t production 
in the lab have been published (refs. 21 to 24), but 
no beams have yet been generated. There has only 
been one t event observed in the cosmic-ray spectrum 
(ref. 17) and we are not aware of anti-alpha particles 
being found in cosmic rays; a reason for this may be 
that there has not yet been a serious effort to look 
for antinuclei of Z > 1. However, manned space 
flights to various locations outside of Earth’s protec- 
tive atmosphere and magnetosphere (and Mars’ at- 
mosphere, for that matter) generate the need to know 
how to shield from cosmic antiprotons and other cos- 
mic antinuclei. We recognize that presently all abun- 
dance measurements and calculations for antinuclei 
are orders of magnitude smaller than_ their nuclei 
counterparts. For example, the cosmic P to P abun- 
dance ratio is on the order of 10~ 4 , while higher Z 
abundances may be far less. 

Cosmic antinuclei when compared with cosmic 
nuclei have the possibility of depositing substantially 
larger amounts of energy into living tissue by way 
of microlesions. The only calculation involving anti- 
nuclei which we are aware of employs an ion trans- 
port theory that calculates the linear energy trans- 
port (LET) of annihilation products from an antipro- 
ton annihilation event in living tissue (refs. 25 to 27). 
Figure 11 illustrates the LET spectrum of annihila- 
tion products for two nuclear temperatures. 

Conclusion 

We have presented a broad overview of strong in- 
teraction physics with nucleons and antinucleons. In 
particular, we have focused on the nucleon-nucleon, 
nucleon-antinucleon, nucleus-nucleus, and nucleus- 
antinucleus interactions and their interrelationships. 
We showed how to obtain a nucleon-antinucleon po- 
tential from the meson exchange description of the 
nucleon- nucleon potential and we showed how to ob- 
tain nucleus-antinucleus cross sections from a theo- 
retical heavy ion optical model. For the first time, 
theoretical absorptive and total cross sections for 
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antinucleus-nucleus scattering have been presented 
for antinuclei having charge \Z\ > 1 and mass num- 
ber A > 2. Biological effects, as in the formation 
of microlesions, were very briefly discussed and our 
concern about adequate shielding of astronauts from 
cosmic rays (particularly very energetic heavy nuclei 
or heavy antinuclei) during deep and lengthy space 
flights has been expressed. The existence of antinu- 


clei with A > 3 has not yet been established. We, 
therefore, strongly urge that a space-based experi- 
ment (not a balloon flight) to gather data on cosmic 
antinuclci be undertaken. 

NASA Langley Research Center 
Hampton, VA 23665-5225 
May 20, 1987 
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Symbols 

\rp,Uj,G 

V LS 

spin-orbit potentials defined in 

Ap, Ap 

atomic mass number of projectile or 

eq. (3a), MeV 


target 

t 

V LS 2 

quadratic spin-orbit potentials defined 

B(e) 

slope parameter, fm 2 

in eq. (3a), MeV 


impact parameter vector, fm 

Hr 

pi-meson potential defined in eq. (2), 

b 


MeV 

C 

correlation function 

Hr 

sigma-meson potential defined in 

c 

charge conjugation; also speed of light 


eq. (2), MeV 

d 

symbol for antideuteron 

H 

rho-meson potential defined in eq. (2), 
MeV 

e 

center-of-mass kinetic energy, MeV 

v u 

omega-meson potential defined in 

/ 

anamolous moment 


eq. (2), MeV 

/(A) 
g 2 / 4tt 

form factor 

meson-nucleon-nucleon coupling 

W(r) 

NN absorptive potential defined in 
eq. (6), MeV 

J 

constant 

total angular momentum 

y 

relative position vector of two body 
system, fm 



z 

number of protons in the nucleus 

K 0 

modified Bessel function 
orbital angular momentum 

z 

projectile position vector in beam 

L 


direction, fm 

M 

nucleon mass, MeV 

a{e) 

ratio of elastic to inelastic cross 

N, N 

symbol for a nucleon and an 


sections 


antinucleon 

6 

symbol for delta-meson 

P, P 

symbol for a proton and an antiproton 

V 

symbol for eta-meson 

Q 12 

quadratic spin-orbit operator 

A 

form factor mass, MeV 

r 

internucleon separation distance, fm 


exchanged particle mass, MeV 

S 

5l2 

nuclear spin 
tensor force operator 

Zt 

collection of constituent relative 
coordinates for target nucleus, fm 

7 T 

symbol for pion; also orbital parity; 

T L 

lab energy of JV, MeV 


also universal constant 

t 

t{e,y) 

4-momentum transfer squared, MeV 2 

PPi PT 

projectile or target nuclear densities, 
fm' 3 

two-body transition amplitude 



V(r) 

nucleon-nucleon potential, MeV 

O’ i 

Pauli spin matrix of ith nucleon 




o 

cross section, mb 

Hot 

total potential, MeV 



vt~' a 



inelastic NN cross section, mb 

central potentials defined in eq. (3a), 




MeV 

^el 

elastic NN cross section, mb 

vS*** 

spin-spin potentials defined in eq. (3a), 

^tot 

total NN cross section, mb 


MeV 

^abs 

absorptive cross section 


tensor potentials defined in eq. (3a), 
MeV 

n 

isospin matrix of zth nucleon 
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ORIGINAL PASS 3S 
OF POOR QUALITY 


Table 1. Total Cross Sections (millibarns) for Antiproton Projectiles 


ENERGY 


HEY/ AMU 


?5. . . 

106.,, 

100. 

431. 

125. 

403. 

150. 

387. 

175. 

371. 

200. 

360. 

225. 

348. 

250. 

340. 

275. 

332. 

300. 

326. 

350. 

315. 

400. 

306. 

500. 

292. 

600. 

283. 

700. 

275. 

800. 

268. 

9 05. 

263. 

1000. 

258. 

1250. 

' 250. 

1500. 

243 • 

1750. 

237. 

2000 V 

233. 

2500. - 

227. 

3006. 

223. 

3500. 

219. 

™45o^r'" 

...2153. 

5000. 

210. 

"6000. 

205. 

“ 7000 . 

201. 

8000. 

198 . 

9000. 

194. 

10000 . 

191.' 

12500."" 

183. 

15000. 

" ”176. 

“rnwr^; 

1T5V~ 


1007. 

1230. 

1536. 

92 fit. 

113.0 

_ 1427. 

864. 


1356. 

820. 

_lfi!4. 


793. 

984. 

.1267. . 

768. 

954. 

1235. 

749. 

933. 

1211. 

731. 

-_~9.il*.... 

1187. 

717. 

895. 

1169. 

704. 

880. 

__1152._ 

694. 

866 • 

1139. 

675. 

846. 

1114. 

659. 

828. 

1094. 

636." 

800. 

1064. 

*620.' 

78lT 

1042. 

606. 

764 • 

1023. 

594. 

750. 

1007. 

584 • 

738. 

995. 


194 3. 2267. 

_18Atu 

173A, 2045. 

It68. _1975 . . 

L621. 1934.^ 

1591. 1693.. 

156 3. 1863. 

Jmsl" 1831..- 

15 14. 1811. _ 

_1495, 1790, . 

1 *»7 7 « 177 3 » 

"14 507 1742 


1426. 

1390. 

136 4. 

1 34 2_._ 

1323. 

1308, 

1295. 


~223W.~ 


547. 

693. 

944. 

1248. 

536. 

680. 

929. 

1229. 

528. 

671. 

919. 

1217. 

516. 

655. 

901. 

1196. 

506. 

643. 

8 86. ..... 

1179. 

498 . 

633. 

876-t. 

AIM-... 

491i 

625 . 

867. 

_1_L5 4 • 

479. 

610. 

850. 

1134. 

470. 

598. 

. 33J> t. - 

.ILLZi 

461. 

588. 

824. 

1102. 

453. 

578. 

" 813. 

"108b. 

446. 

569. 

802. 

1075. 

‘ 439. 

560. 

792. 

1063. 

423. 

540. 

768. 

1 C 3 3 • 

407. 

520. 

744. 

"1003. 

407.' 

~ 52 0 m 

744 • 

TooT. 

407. 

5 20 • 

744. 

1003." 

"407. 

520. 

744 . 

1003. 


1742. 
1717. 
J.678. 
1^50. 
1627 . 
1606 . 
1590. 
1575. 
„1548. 
1525. 
1505. 
1492. 
1469. 
1452. 
-14.3.7-* 

1424. 
1402. 
.136.4* 
1368. 
1353._ 
1338. 
1325 . 
12^2. 
1259. 
~1259. 
1259. 
1259. 


2373 . 

_lUk_ 

2Q82_t__ 

19 99. 

Z’i5 7 Ojl 

1917 
1896. 
1879._ 
_1848 • _ 
1823 . _ 
JJ84i_ 
_ 1756. _ 
1733. 
1712. 
1696. 
1681. 
Il62±*_ 

16 31. 
1611. " 
1598. 
1576. 
1558. 
1544.» 
1531. 
1509. 


,239Q t . 


2064_. 

20 38. 

^1990. 
_JL971a_ 
195 7 . 

1_1929T 

1906. 


18 48. 

„A827_._ 
_ 1808. 

_ JL794. 
1782 . 

— 1Z2SU. 

1738 

1720._ 
_ 1709_.„ 
169_1*_ 
L626_._ 

1663 *_ 

1652^. 

1633. 


2633. 


3193. 


1501 . 3040 ._ 

~ ~246 7.~ 3000. 

2439. 2968. 

23,97. 29UL»_ 

2367 . 2883 . 

__li41. 2852 1 

2318. 2826. 

_ 2300. 2805. 

2285. 2 786. 

2251; l- 

_ 2230^ 2722. 

2208. 2 696. 

2194. 2679. 

_ 2170. 2650. 

'iliU 262Z*_ 

_ -2135* 260_6,._ 

2X2 L. 259L*_ 


4046 . 


3932 . 

- 390 3.*, 

3879. 

3836. 

3801. 


16l42»_- 

3624. 

36 04. 

. 3557 f ... 
3534. 
3506. 
3488. 
3457. 

3A32^_ 

341 2_* 

3 394 . 


209 8. 2563 . 3363 . 


14.91,. 


, 2G22*__ 

2539. 

3337 M 

1474. 

1603. 

2059. 

2517. 

3314. 

1459. 

1590. 

2043. 

2497. 

3292. 

1445. 

1577. 

2027. 

2478 ♦ 

3271. 

1431. 

1565. 

2011. 

2460. 

3251. 

1398. 

1535. 

1974. 

2416. 

3202. 

1365. 

1504. 

1936. 

2370. 

3152. 

1365'. 

1504.' 

1.936. 

2370. 

3152. 

" 1365. 

1504 • 

1936. 

2370. 

3152. 

1365. 

1504. 

1936. 

“1370. 

3152. 
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ORIGINAL PAGE B 
0F POOR QUALITY 


Table 2. Absorptive Cross Sections (millibarns) for Antiproton Projectiles 


ENERGY 


HEV/AmT HE"" C 0 AL 7 AR_ _ JF E c’jlI Bk AG B A eJ3, 


50 • 
75. 

Jioo. 

125. 
150. 
173. 
200 . 
225. 
250. 
275 . 
300 • 
350. 
400. 
500. 
600. 
700. 


jn. 
. ?82. 
264. 
249. 
241. 
233. 
227. 
221 . 
217. 
212 . 
209. 
203. 
199. 
192. 
187. 
183. 


592. 
54b. 
520. 
49 7. 
465. 
472. 
462. 
453. 
446. 
439. 
434. 
’424. 
417. 
405. 
397. 


724. 

.673.. 

641. 

615 . 

600. 

583. 

574. 

563. 

555. 

547. 

541. 

530. 

521. 

507. 

497. 


8 84 •_ 

8j?8. 

793. 
764. 
74 8. 
731. 
720. 
707. 
698. 
J>90. 
683. 
671. 
_ 66 1 . 
.64$.; 
636. 


1115. 

.1.051*.. 

1009. 

.. 975 .. 

956* 

936. 

^922. 

,901, 

697 . 

687. 

. .880. 
865. 

6 53. 

823. 


1280. 
Xll Zs 
1167. 
_1132 * 
...1112 • 
1091. 
1076. 
1061. 
1050. 
1040. 
.1031. 
1016. 
1003. 
_ 984. 
971. 


_1 3 2 5 _. 
1257 .*„. 
1214 . 

.1179. 

1159, 

1138. 

1124. 

1109* 

1098. 

1087 ... . 

1079. 

1 Q. 

1051. _ 
.103^„ 

1 0 2 0 •_ 


128_4_. 

llZIU- 

_XL6JL*.„ 

_U4_4*_ 

li?7_. 

-AlLi. 

iiaz*. 

109,3. 

. 1084.* 

1064. 
105 4_, 
1.039,. 
1028 


_1 6 5l3 *_ 2007. _ 2450. 

„1 5SLL* 1.92.3 .« 2361^_. 


1825. 2256^ 

1255Lf 2229^ 

145 4 , __17I3* 22.0. 1*l 

143 9 *_ L75J?_« „ 2182 . _ 


„14£0_*_ 


1722. 2147. „ 

JLia9-> 2133.. 


1391j L6JL8L*. ._.212Jul. 

.1375^ L6I9_. 2101* 


Jl301_. 1663* 2M4j__ 

..1342. 163,9.. 2Q59.* ... 

1328 . 1623. 2 042. 


800. 

179. 

384. 

482. 

619. 

ZQJL* 

950. 

998. 

1011*_ 

1306. 

1596 . 

2013. _ 

900. 

177. 

379. 

477. 

613. 

795. 

942. 

9 .9 T. - 

lQOiL. 

1298. 

2QQ1*„ 

1000. 

174. 

375. 

472. 

607. 

789. 

935. 

984. 

1000* 1291* 

15_78_t 

1£94_^_ 

1250. 

170. 

368. 

463. 

598. 

777. 

, 923. 

9 7 2,. 

991. 

IZllLk 1^62 j 

JL972* 

1500. 

166. 

361. 

455. 

589. 

766. 

912. 

962. 

982. 

1267. 

1549. 

1963. 

1750. 

163. 

356. 

448. 

582. 

758. 

903. 

952. 

974. 

1257. 

1537. 

195 Ll 

2000. 

"161 . 

352. 

444. 

577. 

752. 

897. 

947. 

970. 

1251. 

1530. 

1943. 

2500. 

158. 

" ” 347. 

437. 

570. 

743. 

887. 

937. 

963. 

1242. 

1518. . 


3000. 

156. 

34 2j 

431. 

564. 

_.735^ 

880. 

9 30 M 

Q5fl a 

1234. 

1508. 

_1 921 .... 

3500. 

154. 

338. 

*47, 



_ &73jl 

_924_i._ , 

951* ... 

1228 >... 

15QQ . 

- 19.13 ... 


4000 

5000. 


•_ .152.. 


33 5 1 


423 j 


554. 




1222 . 


JL493. 


-1906. 


A49. 


329. 


416. 


547. 


942j 


1213. 


-LM2, 


-189 4 . 


JiQSULm L4Xj._ 


902 . 


937. 


1205. 


1472. 


-188 3.-. 


7000 . _ _ 145_. _ 321. 405. 535. 701. 6 44. 895. 931. 1198. 1463. 187 4. 

8000 . 143 . 317. 400. 530. 695. 637. 88 9. 927. 11 92. 0455. 1866. 


9000. 1 41. 313. 39b. 526. 689., 831,, 833L* £ 22. 1185. 14 47 . 1858. 



139. 

310. 

392. 

521. 

683. 

825. 

677. 

918. 

1180. 

1440. 

1851. 

jmwrrnmmm 

135. 



510. 

670. 

811. 

863. 

907. 

1165. 


1832, , 

15000. 

131. 


mvfmt 


657. 

797. 

8 50._ 

896. 


JL405^_ 

1814. 


131.“ 


KV77H 

mEEM 

657. 

797. 

850. 

896. 

1151. 

1405. 

1814. 


131. 



IEH9 

657. 

797. 

850. 

896. 

U51» 

1405. 

1814. 

22500. 

131. 

BEXSH 

WEHBHi 

■KuSHi 

.. $57._ 

797. 

8 50_. . 



l^QS. 
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ORIGINAL FAC'S ? c i 
OF POOR QUALITY 


Table 3. Total Cross Sections (millibarns) for Antideuteron Projectiles 


■EM£ r _GY_ 


KEV/AMU 

HE 

C 

a 

AL 

AR 







50. 

931. 

1606. 

1690. 

2312. 

2615. 

75. 

838. 

1482. 

1753,_ 

i 

1 



100. 

779 . 

1403. 

1666 . 

2068. 

2542. 

125. 

734. 

1341. 

1598. 

1993. 

.... 2 458. .... 

150. 

706. 

1303. 

1556. 

1947. 

2406; 

175. 

680. 

1267 7 

1516. 

1903. 

2 357. 

200. 

661. 

1240. 

1486. 

1871. 

2 320. 

225. 

642. 

Icl4. 

1457 • 

1839. 

2 : 28j£. „ . 

250. 

628. 

1194. 

1435. 

1814. 

2256. 

275. 

615. 

1176. 

1415. 

1792. 

2231. 


Ft 


CU 


300 « 

T5o7 


J>04 
585 • 


iibi. 

1X337 


1396. 
1367 • 


,1773. 

1739. 


2210. 


2172. 


3228. 
Migjt .. 
2936^ 
_2849. „ 
2794 • _ 
2741. _ 
2702. 

.2664-*. 

.2.635, __ 
260 7. _ 
2595. 
“2544. 


- BR 

- - AG 

BA PB 


. 3499. 

4216. 

4920. 5990. 


3116. 
3081. 
.299 L,- 


_ iU21 t 
3 215. 


3127.J 


4022. 4206^ 575l7* 

38 9 6. 4566 . 5606 . 

_-3lM6*__ 


.2936,- 

2882. 


__JQ7J^ 

3021. 


3677. 4323. 


2842. 


2983. 


.3633, 


5341_._ 

42 .7 5 . 5288,- 



2867. 

2827*. 


35 02,_ 

3457. 


-AL29jl 5T2-9, — 

407 9. 5074. 


400. 

570. 

1111. 

1342. 

1712. 

2141. 

2511. 

2649. 

2794. 

3420. 

4038. 

5029. 

500. 

546. 

1077. _ 

JJQ4-. 

1670, 

.-JUISLSju.. 

AVMLl.. 

2598, 

2745. 

3363. 

_ 3974. 


600. 

529. 

1052. 

1276. 

1639. 

2058. 

2423. 

2560. 

2709. 

3322. 

3928. 

4910. 

700. ' 

515. 

1031. 

1252. 

1613. 

2028. 

2392. 

2529. 

2679. 

3286. 

3889. 

4867. 

800. 

503. 

1013. 

1232. 

1591. 

2003. 

2365. 

2501. 

2652. 

3257. 

3855. 

4830. 

900. 

493. 

999. 

1215. 

1573. 

1983. 

2343. 

2430. 

2632. 

3233. 

3828. 

48QU - 

1000. 

484. 

98o. 

1201. 

1557. 

1964. 

2324. 

2460. 

2613. 

3212. 

3805. 

4775. 

1250. 

468. 

9b£. 

1173. 1527. 1930. 

. 12 

2424. 

2579. 

3172. 

-A-15-9-*- 

4 7-2-6-*. 

1500. 

455. 

941. 

1150. 

1502. 

1901. 

2257. 

2393. 

2549. 

3138. 

3721. 

4684. 

1750. 

444. 

925. 

1131. 

1481. 

1877. 

2231. 

2367. 

2524. 

3110. 

3689. 

4649. 

2000. 

436. 

912. 

1117. 

1466. 

1860. 

2213. 

2349. 

2507. 

3090. 

3666. 

*625. 

2500. 

424. 

893. 

1095. 

1441. 

1832. 

2183. 

2319. 

2480. 

3057. 

3629. 

4585. 

3000. 

414. 

877. 

1077. 

1422. 

18G9. 


2295. 

2456 . 

3032* 

3600. 

4553. 

3500. 

406. 

864. 

10t>2. 

1406. 

1 791, 

-2140-* 

2275. 

2439. 

3010. 

3575. 


4000. 

399. 

853. 

1049. 


■HHi 



2423. 

2992. 


4504. ~ 

5000. 

387. 

835. 

1028. 


■BX1I 

2094. 

2230. 

2396. 

2960. 

~ 3519 t_ 



6000. 

378. 

619. 

■(•>(•11 

WITH 

1725. 

2Q7Q. 

22Q6*_ 

2374. 

2934. 

3489. 


7000. 

370. 

805. 

994. 

1331. 

1703. 

2049. 

2184. 

2354. 

2911. 

3462. 

4404. ~ 

8000. 

362. 

793. 

980. 

1315. 

1687. 

2030. 

2165. 

2336. 

2889. 

3430. 

4377. 

9000. 

355. 

78i. 

966. 

1300. 

1670. 

_2Q.11. 

2146. 

2318. 

2869. 

34L5. 

A15Z. 

loooo. 

349. 

770. 

953. 

1286. 

1653. 

1994. 

2129. 

2301. 

2850. 

3393* 

4328. 

12500. 

333. 

744. 

922. 

1252. 


1952. 

2086. 

2261. 

2803. 

3340. 

4270. 

“ 15M0. 

318. 

718. 

892. 

1218. 


1910. 

2044. 

2221. 

275k* 

3287. 

4212. 

~mw. — 

"" 3i si “ 

716 r“ 

892".“ 

1218. 


1910. 

2044. 

2221. 

2756. 

3287. 

4212. 

20000. 

'318. 

'716. 

892. 

1218. 

1575. 

1910. 

2044. 

2221. 

2756. 

3287. 

4212. 

22500. 

318. 

718. 

892. 

1216. 

1-575.. 

1910. 

2044. 

2221. 

- -2756. 

3297. 

±212^. 
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Table 4. Absorptive Cross Sections (millibarns) for Antideuteron Projectiles 


ENERGY 


ME V / A MU 

HE 

50. 

585'. 

75. 

536. 

100. 

504. 

125. 

480. 

150. 

465 • 

175. 

451. 

200. 

440. 

225. 

430. 

250 . 

422. 

275 . 

415. 

300. 

409. 

350. 

399. 

400. 

390. 

' 5 00”. 

377. 

600.' “ 

368. 

700. 

360. 

800. 

354. 

900. 

348. 

1000. 

344. 

12 50'. 

335. 

”1566. " 

3287 

1750. 

321. 

2000 . 

317. 

*"T5w: 

310 ; “ 

3000. 

305 . 

3500/ 

300. 

4000. 

296. 

5000. 

290. " 

6000 . 

£84 . " 

7000. 

280. 

8o00 • 

2757” 

9000. 

271. 

10000. 

267. 

12500. 

258. 

15000 • 

249. 

17500. 

249. 

20000 . 

249. 

22600. 

249. 


c 

d 

AL 

AR 

FE 

CU 

969. 

" “'ll 20." 

1342. 

1620. 

1833 • 

1902. 

695. 

... ..1.P50, 

.... ...l£6^t 

..-Lfe35.,. ... 

-17A3. 

1812... 

654. 

1004. 

1216. 

1480. 

1685. 

1754. 

622. 

969. 

1177. 

1436. 

1639. 

1707. 

8C2. 

947. 

1154. 

1410. 

1611. 

1680. 

763. 

92o • 

1131. 

1384. 

1584. 

1652. 

769. 

91x. 

1114. 

1365. 

1565. 

1632. 

7^5. 

89o. 

1098. 

1347. 

1545. 

.1612,. 

745. 

684. 

1085. 

1 332. 

1530. 

1597. 

735. 

873. 

10 74. 

1319. 

1516. 

1583. 

727. 

865. 

1064. 

130 8. 

1505. 

1572. 

713. 

8 49. 

104 7 . 

1 28 9 • ' 

1484.’”' 

1551. ~ 

70 2. 

8 36." 

1033. 

1273. 

1467. 

1534. 

66 4. 

816. 

1011. 

1249. 

1441. 

1509. 

671*. 

' "802 • 

9967“ 

12 3 IT “ 

' 14237 * 

~ 1490. " 

661. 

790. 

9 837 

1216. 

1408. 

1475. 


1193. 

1184. 

"1*167."" 

115 3. 

1141. 


__1 3 9 4 • 
1383. 
1374 • 
1356. 
13 4 U 
1 32 8 . 


1461. 

1450. 

1441. 

1423. 

1408. 

1395. 


ron Projectiles 

6R 

AG 

BA 

-P-8 





1941.. 

£333._ 

27.19, 

... 3266. _ 


ZZi (L. 

afeiiiL. 

31 49,. 

1799. 

ZIZZ± 

23 40, 

3Q7Aa__ 

1754. 

J.1ZZ* 

2485. 

3013. 

1727. 

2,09 2.. 

24_51_. 

2977. 

1701. 

206 2. 

2418. 

2941. 

1682. 

2040. 

2394. 

2916. 

_1 6 6 3.. 

,2-Qia.. 

-2313^ 

. .2.899,. 

1648. 

2002. 

2352. 

2870. 

1635. 

1987. 

2334^. 

2851, 

1624. 

1974. 

.2 32^ 

2836. 

1664. 

1952. 

2295. 

2809. 

1888 • 

1933. 

2275. 

2787. 

156 3. 

1905. 

2244. 

2753 . 

1546. 

1886. 

2221. 

2729. 

1531. 

1869/ 

2202. 

27D8j^ 

1518. 

1854. 

2185. 

2690. , 

1508. 

1842. 

2172. 

2676. 

1499. 

1832. 

2161. 

2664. 

1483. 

1813. 

..m 

2641. 


1469. 


2121. 


2621. 


909. 

T 13 3 • 

1319. 

1387." 

1449. 

1773. 

2094. 

2592. 

8 98. 

1119. 

1305. 

1373. 

1436. 

1758. 

2077. 

2574. 


688 . 

881 . 

874 . 

8o 3. 

854. 

845. 

836. 

831. 

824. 

807. 


503. 

613. 

791. 

503. 

o 1 3 . 

791. 

5C3. 

613. 

791. 

503. 

613. 

"791. 


1106. 
1100 . 
1 C9 2 . 
1079 . 
.JJ&JL* 
1059. 
1050. 
1C42. 
1034. 
1015. 
997. 
997. 
997. 
997. 


1294. 

J.277*_ 
1263. 
.1 £52, 
1242 • 
1233 . 
1224. 
1216. 
U97. 
1177." 
1177. 
1177. 
1177. 


1152.*'. 

1344. 

1331. 

.JLlltU. 

J.310. 

1301. 

1292. 

J.284._ 

1264. 

1 245. 

1 245. 

1245. 

1245. 


1410 . 

1 398. 

1 379 . 

1370." 

1363. 

1355. 

1337. 

1319. 

1319. 

1319. 

1319. 


1714. 

_ 17Q2.„ 
1691. 
1681. 
1672. 
1603. 
1642 * 
1621. 
1621 . 
1621. 
1621. 


2026. 2520. 


2000 . 

1989. 

1978. 

1968. 

1944. 

1920. 

1920. 

1920 * 

1920. 


2 492. 
2480. 
2469. 
2458. 
2432. 
2406. 
2406. 
2406. 
JL456-* 
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Table 5. Total Cross Sections (millibarns) for Antihelium Projectiles 


1660, 

1496._. 
1*39. 
1406. 
1371:. 
1346. 
1324. 
1306. 
1289. 
1276. 
1261. 
1231. 
120Q. 
1179. 
1161." 
11 4 y. 
1133. 
1122 . 
1102. 
1085. 
1070. 
1061. 
1046. 
1031. 
1023. 
1014. . 
1000. 
98J, 
976. 
966. 
__957 •_ 
_948._ 
927 . _ 
9057 


9 
~ 9 
905. 


1990. 

1764_*__ 
1 7 2 1 
1663j» 
1645.” 
1619. 

.. .1591 
1571. 
1552 • 
j, 5 3 7 * 
1509. 
1467.J 

... 1452 . _ 
1428. 
1408. 
_1389^„. 
„1376. 

13637 
. 1340. _ 
1 321. 
1304. 

" 1293 
1275 .J 
1 2617 
.1249... 
. .1219^. 
—1222 • _ 
...AZVJLm^ 
1195. 
^1183. _ 
11 72 . 
11 62. 
1137. 
1112 . 


2389. 
-2253*- 
__21i>5*_ 
2_09_6.t _ 

— 

2014._ 

1_984._ 

—.1.954. 

1932. 

1911. 

1895^ 

”1664. “ 

18_39*_ 

18.92^ 

_1775._ 
— 1753._ 

•UMl. 
1718. 
1704 . 
..-1673 
1 658. 
1 639. 
1627." 
__1608 . *“ 
1 593. _ 

-156 9,* . 
__1551^ 

1535a 

__ 1521. 
150 97 
1497 . " 
14 86. 
1459. 
14327 


292 6. ~ „ 3 3 1^ _ 3427^ _ 1429^ 

- 2113 *. 315Qj*. 3265*,___32iiil* 


-AG BA PB 

AZft^ZI 

AjCUX. 4277. 5X16-*- 


_ 2592. 

.2962.,. 

1076, 

.3104*- 

3830* 

A545_. 

- JU VX4 

.551 9_. 

2545.1— 

— 2.9.12*— 

—3027* 

-3059.*.. 

3111* 

4487. 

5465 . 

2^98. 

2863. 

2976. 

3013. 

3723. 

4427. 

5400. 

2464. 

2828. 

2942. 

2981. 

3685. 

4384. 

5354. 

_ _2 410* .. 

-219.2 k. 

2905 X. 

-2947,.. 


-Alhi CL, 

52te l*_- 

2405. 

2765. 

2879. 

2.912, 

3617. 

4307. 

5271, 

2 3b i . 

2740. 

2054. 

2896. 

3590. 

4276. 

5237. 

2 362. 

2719. 

2834. 

2880. 

-»3^68. 


JL2UL*. 


1112. 1432. 


Z 29 8 . 

2 224. 
„2198. 

2157. 

_ _2141. 
—iiizx ; 
206 7. 
2066. 

1 2052. 

2 C29 • 
— 2CjLU, 
moi. 

1M3. 

_ 1961. 
...» 194 3.7 
1927. 
1912 . 

] 1.898 

1665.“ 

1653. 

1822. 


82 

62*. 
1822. 


2 0_0^_. 
2652. 
26.97*. 
2575. 
2547. 
-X52.3* 
2504. 
2486. 

. j245.7f 
_ 2431 • 
24097"' 
2394. 
2370. 
^21 51a_1 
2336* 

. 23X2* 

_ 2300. 

2281. 

2264. 

2248. 

223 4. 

2220 . 

2187. 


.2154. 


c * v t . 

2767. 
„2U2k 
2690. 
2662. 
2618 . 
2620 . 
2603. 
-.2571, 
2547 
2525. 
2510. 
2487. 
_J246SU_ 
2453.. 
2440.*.. 
2418. 
239.9 m . 
2383. 
2367. 
2353. 
2339. 
2307. 


2818. 

„ .2776* 
27.48* 
2723. 

. 210 0*. 
2684. 
2669. 
.2643. 

2619 . 

2599 . 
2586.“ 
2 567. 
-.2551 «_ 
.-2536. 
— 2526..- 
2507. 
— 24.SLU... 
2477. 
.2463 C 
. 2 451. 
2439.. 
2410. 
2382 . 
238 2. 
2382.' 
2382. 


.3528. 42 05. 5162. 

.. 3496. 4.169 . 5122. 

344J. 4U.2X 5062 . 

-3413* AflL7JU_ 5020 . 

. _ 3383* ...._ 4039. 4984.. . 

— 1351. 40Q9. 49 52. 

.3.338. . 3986. _ _492_8._ 

3.320. 3966 • 4906. 

3286 3929. . 4866. 

32 60, 3896. 4832. 

3236. 3 868. 4802 ._ 

3221. 3851.4. 4783 • 

_ 3196. 3 822. 4753. 

- 3XZ7V 3799. 4728. 

3161*-L37 80. 4708. 

- 3X47 . 3763. 4frQ) . 

—3 . 12 3. 3735. 4662. 

3X03. 2L21Z. 4637. 

3086. _ 36?1. 4615. _ 

3070. 3672. 4595. 

- 3055. 365 5. 4577. 

304 0. _ 363 8. 4559. 

3005. 3597. 4515. 

2971. 

2971. 3556 

2971. 3556 . 4472. 


I 

\ 

\ 
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Table 6. Absorptive Cross Sections (millibarns) for Antihelium Projectiles 


ENERGY 


ME V / AMU 

HE 

C 

u 

AL 

AR 

Ft 

cu . 


50. 

579. 

957. 

1130. 

1343. 

1641. 

1836. 

1886. 

75. 

, 536. 

900. 

. 1067. 

1273. 1561. 

1763. 

18Q4 . . 

100 . 

509. 

863. 

1025. 

1228. 

1509. 

1699. 

1750. 

125. 

4b7. 

833. 

992. 

1192. 

1468. 

1656. 

1707. 

150. 

474. 

816. 

973. 

A 1 

14 44«_ 

.A4.3.L* _1693.i 

175. 

462. 

799 . 

954. 

1150. 

1420. 

1606. 

1657. 

200 . 

453. 

787. 

940. 

1135. 

1402. 

1588. 

1640. 

225. 

444. 

774. 

926. 

1119. 

1385, 

1 5 69.. 

-J 6 £L*. ... 

250. 

437. 

765. 

916. 

1108. 

1371. 

1556. 

1607. 

275 . 

431. 

756. 

906. 

1097. 

1359. 

1543. 

1595. 

300. 

426. 

750. 

898. 

1089. 

1349. 

1533. 

1535. 

350 . 

416. 

737. 

884. 

1073. 

1331. 

1514. 

1566. 

400. 

409. 

727. 

872. 

1060 • 

1317. 

■Mini 

1551. 

500. 

398 • 

711. 

655. 

1041. 

_ 1294, 


.1528^ 

boo . 

391. 

701. 

843. 

1028. 



1512. 

700. 

384. 

691 • 

832. 

1016. 


■ilrii 

1498. 

800. 

378. 

683. 

823. 

_ 1006. 



. . .. 

900. 

374. 

67 7. 

816. 

999. 

__1245* 

1 4 2.4 *_ 

1477 ^ 

1000 . 

370. 

672. 

810. 

992. 

1237. 

1415. 

1469. 

1250. 

363. 

662 . 

799... 

9J1Q.?.. LZJLZ± 

.-lftJUU- 

145 4 j 

1500. 

357. 

65 3. 

789. 

969. 

1210 . 

1387. 

1441. 

1750. 

' 352. 

646. 

781. 

959. 

1199. 

1376. 

1430. 

2000 . 

“ 349. 

"641. 

”775. 

954. 

1192. 

1369* 

1423. 

2 50*0 ” 

344. 

634. 

767. 

944. 

1161, 

1357. 

1412. 

— 5M0. 

340. 

626 . 

760. 

937. 

U72,.. 

1348. 

_ 1403*.. 

3500. 

337. 

623. 

754. 

931. 

1 1J>5a„ 

-1.341., 


4666 . 

334. 

J519, 

749j>_ 

925. 

LL5S. 

1.334 


5000. 

329. 

612. 

741. 

917. 

1148. 

1323. 

1379. 

6000. 

325. 

606,. 

T34 a 

909. 

_U3iLi JL31A* 

„ 1 IZQljl 

7000. 

322. 

601. 

728. 

903. 

BiMWI 

1306. 

1362. 

8000 . 

319. 

596." 

“723T 

897. 


1299. 

' “ 1355. 

9000. 

316'.' 

‘ ' "592. 

71b. 

891. 

wfwwnSii 

1292. 

1348. 

" 10000 . 

313. 

587. 

713. 

885. 

mi. 

1285. 

1341 • 

12500. 

306. 

577. 

701. 


1095. 

1264. 

1326. 

"T5TO0. 

'299.' 

567. 

669. 

860. 

1080. 

1253. 

1310. 

17500 . 

299. 

567. 

“6897 

860. 

1080. 

1253. 

‘'"1310. 

” 20000 . 

” 299. 

567. 

689. 

860. 

1080. 

1253. 

1310. 

22 5 00'. 

299 . 

" 567. 

689. 

860. 

1080. 

1253. 

1310. 


-JLB. _A4_ 


JJL 


..JLfL 


1851. 


2 277 . 


2698 < 


3205. 


177b. 2189. 

1686. 2086. 


1 643, 2033 . 


1627. 


2014. 


_2AfL2* ZSlfL^. 

29L4.4-*— 

2421. 2912 . 


2399. 288 9. 


1994 < 




1586. 


2376* 2865-^ 


2360. 


1577,* _ 

1560. 


_T966j 


2847 « 


2344 « 


2831 . 


1546. 


li35_. 


1919. 


2332. 

2309. 


2290. 


. 2 £LLi_ 

279 3. 


2773. 


1511. 


1878. 


2243 . 


-2723 j 



- JL4.6J. *. 

1449ji 
_ 1439. 
1434.. 
1424. 


1803 . 


1791. 


2 155. 


2142. 


2631. 


2616. 


1773. 2119. 


— L41Zji 
..1.4 Ujl 

J.4QiL^ 


JL 2 i*u 


2099, 


2608. 

_259_3_. 

2582. 

.2511 


1750. 


2092 i 


^2565^ 


1397. 


1739. 


2078. 


.1150*. 

1383. 


,X710. 

1721. 


^551j 


2051. 254 Q„ 


2058. 


_2530_ f 


J55^ 1377. 1714. 2049. 2520. 


JJ7JL. 

1366 


119.7 . 


1353. 


17QQ - 


2040, 


2032 « 


JL5JL2, 


1684. 2013. 


15. 0 1 . 


2483. 


1340. 


AJ>61« 


1994. 


1340. 1668. 


1463. 


1994. 2463. 


1340. 


1668. 


1994. 


2463. 


1340. 
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Table 7. Total Cross Sections (millibarns) for Antilithium Projectiles 


MEV/AMU 


50 . 





















ORIGINAL PAGE IS 
f)F POOR QUALITY 


Table 8. Absorptive Cross Sections (millibarns) for Antilithium Projectiles 


ENERGY 


.-JLEJWMM.-... 

HE 

.. c_ 

0 

al _ 

A.R. . 

... Ft 

50 '. 

860. 

1324. 

1522. 

1776. 

" 2110 . 

2341. 

75 . 

811. 

1252. 

1999,. 

.1692,. . 

„ 2.017* 

.2299, 

100 . 

774. 

1206. 

1393. 

1638. 

. 1956. 

.. 2181. 

125. 

745. 

1169. 

1353. 

1594. 

1908. 

2131. 

150. 

728. 

11 * 7 . 

1329. 

1569. 

1879. 

21.01. 

175. 

711. 

1125. 

1305. 

1543. 

1651. 

2071. 

200. 

698. 

1110. 

1269. 

1525. 

1630. 

2050. 

225. 

686. 

1094. 

1271. 

. .1506. 

. 1809. 

2028. 

250. 

677. 

1002 . 

1258. 

1992. 

1794. 

2012. 

275. 

660. 

1071. 

1246. 

1479. 

1779. 

1996. 

300. 

661. 

1063. 

1237. 

1469. 

1767. 

1984. 

350. 

649. 

1046. 

1219. 

1450. 

1746. 

1962. 

400. 

639. 

1033. 

1205. 

1434. 

1728. 

1944. 

500. 

623. 

1013. 

1183. 

1910. 

.... 17.0.2, • 

1916., 

£>00. 

612. 

1000. 

1167. 

1394. 

1603. 

1896. 

700. 

603. 

988. 

1159 . 

1379. 

1667. 

1880. 

800. 

595. 

977. 

1143. 

1367. 

1653* 

1865. 

900 • 

589 . 

969. 

1134. 

1 3 5 7 • 

1642. 

1854. 

1006. 

583. 

962. 

1126. 

1349. 

1632. 

1844. 

"12 50. 

573. 

"949. 

nil. 

1333. 

1614. 

1825. 

1500. 

565. 

" 937. 

1099. 

1319. 

1599. 

1809. 

1750. 

557. 

928. 

1088. 

1306 . 

1566. 

1796. 

2000 . 

552. 

“921. 

1081. 

1300. 

'1577. 

1787. 

2500. 

544, 

911 . ~ 

1070. 

1208 . 

‘ “1563. 

1772. 

3000. 

538. 

9"03. 

1060. 

1219. 

1552. 

- .1761 . 

3500. 

533 . 

097. 

1053. 



1752. .. 

4000. 

529. 

891. 

1047. 

1264,““ 

1538. 

1743. _ . 

5000. 

521. 

861. 

1036. 

1252. 

1522. 

1730. 

6000. 

515. 

873. 

1027. 

1292. 

1511. 

1718. ... 

7000. 

510. 

866. 

1019. 

1239. 

1501. 

1708. 

0000.'" 

“505. 

859. 

1011. 

1226. 

1492. 

1699. 

9000. 

500. 

853. 

1004. 

1219. 

1484. 

1690. 

10000. 

496. 

847. 

998. 

1212. 

1476. 

1682. 

12500. 

485. 

833. 

982. 

1195. 

1456. 

1662. 

15000. 

979. 

819. 

966. 

1178. 

1437. 

.1.9 9. 2_... 


. . itt_ 

2407 • 
2310 c 
2247. 
2197. 
2167. 
2137. 
2116. 
2094. 
2078. 
2063. 
2050. 

2028jl_ 

2010. 

1982. 

1963. 

„1946. 

1932. 

_ 1921 . 
1911. 
1892. 
1876. 
1863. 

. 1854. 
1840. 
18Z9. 
1&ZCU. 

1812 c 

1798. 

JjaH 




.AGL 


jja_ 




Z409_. 
.23 
225^L* 
2.210. 
.2181. 
2154. 
2l34. 
2114. 
2098 f 
2084 • 

. 2Q7_3 • 
_ 2051* 
2034 . 
2009. 
199.1.. 
1975. 


2j868 a 3320. 13 02. 

226i- 3206. 3761c „ 



2613.- 

2581. 
25 5 8*_ 
. 2535. 

25 m 
_2501 •„ 
.2480... 
.2.464... 
_2_4_45. 


3001. _ 


_2976j 


3563 .___ 


- 2950. 

. 2931. 
2913 1_ 

2872. 


2850. 




1898. 

1891. 


2289. 


2674. 


3 216. 


2280. 


2 664 i 


3205. 


2647. 



X853.- 


-2235.. 


2613, 


1841. 


2221* 2597. 


3152 i 


.163 1j 


-2210a. 


2583. 


_ 313 _ 5 _. 


-3.12.1, 


17500. 

" 20000 . 

22500. 


474. 


474. 


819. 


819. 


966. 


966. 


1176, 


1178. 


_1A37 4 16A2„.. 

1437. 1642. 


1777. 
_1768. 
175 9. 
1751 • 
1732^ 

JL712.- 

1712*_ 

1712. 


1822, 


2199. 


2571. 


1814. 2190. 


2560. 


3108. 


3097. 


1806. 


1799. 


-ZULLs 


-2172* 


2550, 


JM5j 


2540, 


-602! L, 


1782. 2152. 2516. 3051. 


I7 fr4f 


2131. 


2 49 3 1 


-2026-1 


17^4 i 


1764, 


2131 , 


2131. 


2493 . . 3026 , 


2493. 


3026. 


474. 


819, 


966. 


1178. 


1437. 16 42. 171 2 »_ 


116 -4 1 


2131 , 


2 49 3, 


-3026-1 
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Table 9. Total Cross Sections (millibarns) for Antiberyllium Projectiles 


ENERGY 


MEV/AMU 

HE 

C 

□ 

Al 

AR 

ft 

cu 

6.6 

&£ — 

6 A 

LB 


50. 

1643. 

2530. 

2908. 

3411. 

4051. 

4517. 

4661. 

4716. 

5597. 

5461. 

7635. __ 

75. 

1527. 

2385. 

2750. 

3241a 

3863. 

4321. 

4465. 

.A53Q. 


B.llliWi 

738 9-i — 



BTTf 


B9VT9I 


4194. 

4338. 

44M^ 

5251. 

6079. 

7228. 


— traM 

FBrtfyi 

2567. 


BLLLfli 

4093. 

4236. 

4310. 

5142. 

5959.,- 

7099. .. 

■BiDfiMi 


HUfll 

2519. 

2992. 


4033, . 

... 4116a 

<t253i- 

5 Q 1 7,i 


7023.-. 


1325. 

2129. 

2471. 

2941. 

3529. 

3973. 

4116. 

4195. 

5012. 

5816. 

6946. 

200 . 

1300. 

2097. 

2437. 

2904. 

3487. 

3930. 

4073. 

4154. 

4966* 

mfram 

6992.- 

225. 

1275. 

2065. 

2402. 

2867. 

3446. . 

3886. 

4Qj29j 

4112-.,, 

4919« 


6836-a— 

250. 

1256. 

2042. 

2376. 

2838. 

3414. 

3853. 

3996. 

4081. 

4883. 

mmm 

6794. 

275. 

1239. 

2019. 

2352. 

2812. 

3385. 

382 2.. _ 

3965. 

4051. 

4850. 


—6754.- 

300. 

1215. 

2001 • 

2332. 

2791. 

3361* 

3798. 

3940. 

4028. 

48^.._ 


672.31.- 

3 507 

1199. 

1969. 

2296. 

2752. 

3318. 

3762. 

3895. 

3984. 

4775. 

5553. 

6665. 

400. 

1178. 

1942. 

2267. 

2721. 

3283. 

3715. 

3858. 

3949. 

4735. 

5509. 

6618. 

500. 

1147. 

1901. 

2222 . 

2673. 

3229. 

..16.5,9 •. 

3802. 

3896* 

4675. 

5442. 

-6516.1- 

600. 

1125. 

1673. 

2191. 

2638. 

3191. 

3619. 

3762. 

_2859. 

4633. 

5394, _ 

6495. 

700. 

1106. 

1846. 

2163. 

2609. 

il£ 8 ,. 

3331. 

3728 1 ,_ 


4596a 

5311^_ 

6452a- 

800. 

1089. 

1827. 

2140. 

2584. 

3129. 

3 555 

3698. 

3798. 

4564. 

5317,- 

6413. 

900. 

1076. 

1810. 

2121 . 

2564. 

3107. 

3532. 

3675. 

3777. 

4539. 

529Q, 

6384.- 

1000 . 

1065. 

1795. 

2105. 

2546. 

3C87. 

3511. 

3654. 

3758. 

4517. 

5265 • 

6358. 

1250. 

1043. 

1766. 

2074. 

2514. 

„ 3 05 Pa ... 

,.3423Li_ 

3.616l* 

3723. 

4477. 

5220. . 

6310..., 

1500. 

1025. 

1744. 

2048. 

2486. 

3016. 

3440. 

3583. 

3692. 

4442. 

5180. 

6268. 

1750. 

1010 . 

1724. 

2026. 

2462. 

2992. 

3412. 

3555. 

3666 . 

4412. 

5147. 

6232. 

2000 . 

999. 

1711. 

2011 . 

2446. 

2974. 

3393. 

3537. 

3649. 

4393. 

5125.1 

6209. 

2500. 

982. 

1669. 

1967. 

2420. 

2944. 

3363. 

3507. 

3622. 

4362. 

5089. 

6171. 

3000 . 

969. 

1672. 

1968. 

2400. 

2921. 

3339,. 

3484. 

3601. 

4337. 

5061. 

A1.4 

S EE? 

958. 

1657. 

■fEM 

BREH 

2902. 



. 3563. 

4316. 

5037. 

6117 a,. 


948. 

1 645 . 

1 938. 

2368. 

2886. 

330?. 

_3±4 X. 

- 

4298. 

5017. 

6095.- 

5000. 

932. 

1624. 

1915. 

2344. 

2858. 

3273. 

RffM 


4268. _ 

4982. 

6059. 

6000. 



■fTTW 


2 834. 

3249. 

3394. _ 

352Qa— 

4241. — 

49.5 4. 

-602.9-.- 

7000. 

HHUMfSTMBp 

HIM 


2305. 

2814. 

3228. 

3373. 

3501. 

4221. 

4928. 

6002. 

8000. 


1577. 

1863. 

2289. 

2795. 

3208. 

3354. 

3483. 

4200. 

4905. 

5978. 

9000. 


1564. 

SS5S 

2273. 

2777. 

3190. 

3336. 

3467. 

4 1 & 1 « 

4863^- 

5955. 

10000 . 


1552. 


2258. 

2760. 

3172. 

3318. 

3451, 

4162. 

4862. 

5133. 

12500. 

852. 

1521. 


2222. 

2720. 

3130. 

3277. 

3413. 

4118. 

4812. 

5879. 

15 0 0 07” 

B 2 T. 

1491. 

1767. 

2187. 

2679. 

3089. 

3235. 

3375. 

4074. 

4762, 

&522.1— 

"DTooV 

829. 

1491. 

1767. 

^ 2187. 

2679. 

“3089. 

3235. 

3375. 

4074. 

4762. 

5827. 

20000. 

829. 

1491. 

1767. 

2187. 

2679. 

' 3089. 

3235. 

3375. 

4074. 

4762. 

5827. 

22500. 

829. 

1491. 

1767. 

2187. 

2679. 

3089. 

3235. 

3375. 

4074. 

4762. 

,5827. 
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Table 10. Absorptive Cross Sections (millibarns) for Antiberyllium Projectiles 


ENER_Gf 


MEV/AMU 

HE 

C 

u 

AL 

AR 

FE 

CU 

8R 

AG 

a* 

PB 













50. 

952. 

1429. 

1636. 

1900. 

2248. 

2485. 

2550. 

2546. 

3021. 

3489. 

4002. 

.... 75> - 

892. 

1355. 

1556. 

1814. 

2152. 

2385. 

2451. 

2453* 


am* 

im«- 

100. 

854. 

1307. 

1503. 

1757. 

2089. 

2320. 

2386. 

2392, _ 

4£L*__.. 


_3.a26.t_ 

125. 

823. 

1269. 

1462. 

1713. 

2040. 

2269. 

2335. 

2 343. 

. 2791<_ 

JlZ2^ 

3 81 3_* 

150. 

805. 

1246. 

1437. 

1686. 

2010. 

2238. 

2304. 

2315. 

2761. 

3200. 

3776. 

175. 

788. 

1224. 

1413. 

1660. 

1981. 

2207. 

2274. 

2286. 

2728. 

3164. 

1737 

200. 

775. 

1208. 

1395. 

1641. 

1960. 

2185. 

2252. 

2 265. 

2705. 

3130. 

3710. 

225. 

762. 

1192. 

1378. 

1622. 

1939. 

2163. 

2230. 

2244. 

2681. 

3112. 

3682. 

250. 

752. 

1179. 

1364. 

1607. 

1922. 

2146. 

2213. 

2228. 

2663. 

3092. 

3661, 

275. 

743. 

1168. 

1352. 

1594. 

1907. 

2131. 

2198. 

2214. 

2.6*7. 

_3074 . 

36j4Ll_ 

300. 

736. 

1159. 

1342. 

1583. 

1695. 

2118. 

2185. 

2202. 

2633. 

3059. 

3626. 


723. 

1142. 

1324. 

1563. 

1673. 

2095. 

2162. 

2180. 

2609. 

3032. 

3597. 

<*00. 

712. 

1129. 

1309. 

1547. 

1855. 

2077. 

2144. 

2163. 

2589. 

3010. 

3573 . 

“ '5007 

696. 

1108. 

1286. 

1523. 

1826. 

2046. 

2115. 

2137. 

2559. 

2976. 

153 8. 

600. 

685. 

1094. 

1270. 

1506. 

1609. 

2028. 

2095. 

2119. 

2338. 

2953. 

3513. 

?O0. 

675. 

1081. 

1257. 

1491. 

1792. 

2011. 

2078. 

2103. 

2520. 

2932. 

34S2j_. 

8 00. 

666. 

1070. 

1245. 

1478. 

1777. 

1996. 

2063. 

2089. 

2504. 

2914. 

3473. 

900. 

660. 

1062. 

1235. 

1468. 

1766. 

1984. 

2052. 

2.078. 

_.2492, 

2901. 

3459. 

1000. 

654 • 

1059. 

1227. 

1460. 

1756. 

1974. 

2042. 

2069. 

2482. 

2889. 

3446. 

1250. 

644. 

1041. 

1212. 

1443. 

1738. 

1955 . 

2023. 

2052. 

2462. 

2666. 

3422. 

1500. 

634. 

1029. 

1199 • 

1429. 

1722. 

1939. 

2007. 

2037. 

2445. 

2847. 

3402. 

1750. 

"627. 

Toi 9. 

1168. 

1418. 

1709. 

1925. 

1993. 

2024. 

2430. 

2830. 

3384. 

2000. 

622. 

1013 • 

1181. 

1410. 

1700. 

1916. 

1984. 

2017. 

2421. 

2820. 

3374. 

TTOo. 

‘ 61C 

1002 . 

11697"“ 

1397. 

1686. 

1901 • 

“19767 

" 2004". “ 

2406. 

2803. 

3356. 

3000. 

607. 

994. 

1160. 

1387. 

1674. 

“1890. 

19 58. 

1994, 

2394. 

2789. 

3342. 

3500. 

602. 

987. 

1152. 

1379. 

1665. 

1880. 

1949. 

1986. 

2385. 

2778. 

3330. 

<*000. 

‘597. " 

981. 

1146. 

1372. 

1657. 

ii* 

1941 • 

1.97JL, 


2768. 

,3 32Q. 

5000. 

589. 

971. 

1135. 

1360. 

1643. 

1858. 

1927 . 

1966 • 

2362. 

2752. 

3303. 

6000. 

583. 

963. 

1125. 

1350. 

1632, 

1846. 

_191<U_ 

,.195 6 1 

2350. 

2738. 

.1289. 

7000. 

577. 

955. 

1117. 

1342. 

1622. 

1836. 

1906. 

1947. 

2340. 

2726. 

-3276. 

0000. 

572. 

949. 

1110. 

1334. 

1613. 

“‘1826. 

1896. 

1939. 

2330. 

2715. 

3265. 

9000. 

567. 

942. 

1102. 

1326. 

1604. 

1818. 

1888. 

1931. 

2321. 

2705. 

3254. 

10000. 

562. 

936. 

1096. 

1319. 

1596. 

1809. 

1879. 

1924. 

2312. 

2695. 

3243. 

12500. 

551. 

922. 

1079. 

1302. 

1576. 

1789. 

1859. 

1906. 

2291. 

2671. 

3218. 

15000. 

— 5¥07” 

907. 

1063. 

1284. 

1557. 

1769. 

1840. 

1886. 

2271. 

2647. 

3194. 

i?5oo. 

540. 

907. 

1063. 

1284. 

1 557. 

1769. 

1840. 

1888. 

2271. 

Illl 


20000. 


907. 

1063. 

1284. 

1557. 

1769. 

1840. 

1888. 

2271. 

img 

iHIfl 

22500 . 

540. 

907. 

1063. 

1284. 

1557. 

1769. 

1840. 

'18887 " 

2271. 

im 

turn 
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Table 11. Total Cross Sections (millibarns) for Antiboron Projectiles 


EHERCxY 


HE V /A HU 

______ 

75_. 

JLOO. 

125. 


HE _ 

1660. 

15 XLL. 

1474. 

1417. 


Q 


AL 


255_G. 

2409. 

2317. 

2244. 


29_36._ 

. JJfiit- 
26 81. 
2601. _ 


3_43_6_._ 

_3_16_1 . 
307 5. 


AR 

7 4087.7 

1781. 
3686. _ 


_FE C.U BfL 


-AG_ 


BA 


-Eft. 


4546. 

.-4,153.*.. 

4228. 

4128. 


A680_. 
.4488 * _ 
__4362. 

. 4263* . 


4 699 
_43?9. _ 5259. 



150. 

1383. 

2201 . 

2554. 

3024. 

3629. 

4069. 

4203. 

4£49.„. 

5090, . 

5918. 

7039, _ 

T?5. 

1350. 

2158. 

2507. 

29 74. 

3572. 

4010. 

4144. 

4193. 

5026. 

5848. 

6964 . 

200. 

1326. 

2127. 

2473. 

2937. 

3531. 

3967. 

4102. 

4153. 

4981. 

5797. 

_6911,_ 

225. 

1301. 

2096. 

2439. 

290£* 

3490. 

3 9£4 * 

4059. 

. 41.12 • _ 

-T.13 J5_s 

5746, 

£8_5.*u_ 

250. 

1283. 

2073. 

2414. 

2873. 

3459 . 

3892. 

4027. 

4081. 

4900. 

5707. 

._£815,_ 

275. 

1266. 

2051. 

2390. 

2847. 

3430. 

3862. 

3997 . 

4053 •_ 

4868, 

_5671 j „ 

677fe* 

300 . 

1252. 

2033 * 

2371 . 

2826. 

3407. 

3837. 

3972. 

,_4p30. 

. 4842. 

5642.. 

6746. 

3 50. 

1228. 

2001. 

2335. 

2 788. 

3365. 

3793. 

3928. 

3968. 

4794. 

5569. 

6689. 

400. 

1208. 

1975. 

2307. 

2757. 

3330. 

3757. 

3892. 

3954. 

4756. 

5546. 

6643. 

500. 

1177. 

1936. 

2264. 

2710. 

3277. 

3702. 

3837* 

3903. 

4697. . 


6222*. 

600. 

1156. 

1908. 

2233. 

2677. 

3240. 

3663. 

3798. 

3867. 

4656. 

5435. 

6524. 

700. 

1137. 

1884. 

2207. 

2649. 

3208. 

3630. 

3765. 

3836. 

462J,. 

_5395*_. 

_6_481*_- 

800. 

1121. 

1863. 

2183. 

2624. 

3179. 

3600. 

.37.36 •_ 


4590. 

5360* 

64.4 lx 

' 900 • 

1109." 

1847. 

2166. 

2605. 

3158. 

3578. 

3714. 

3789. 

4566. 

5333. 

6417. 

1000. 

1098. 

1833. 

2150. ~ 

2588. 

3138. 

~ 3558. 

3694. 

3770. 

4545. 

5309. 

63_9_1*__ 

1250. 

1078. 

"1807. 

2121. 

2557. 

3103. 

3.§£1* .. 

MT.-. 

13737,.. 

.-it 


6345. 

1 5 00 . 

1060. 

1784. 

2096. 

2529. 

3C72. 

3489. 

3625* 

3708. 

4473. 

5227. 

6305. 

T750V 

1046. 

1765. 

2074. 

2506. 

3046. 

3462. 

3598. 

36_83j,_ 

4444. 

5195. 

6270. 

2000. 

1036. 

1752V 

2060. 

"2491. 

~ 3029. 

3444. 

3581. 

366 7 . 

4426. 

5174. 

6248. 

~Y5wrr 

‘ IO 2 O; 

1732. 

20 37 • 

2467. 

3000. 

3415. 

3552. 

3642V 

4396. 

5140. 

6213. 

3000". 

1008. 

1715. 

2019. 

24477 

2978." 

„_3392._ 

3530. 


4^Z3.._ 

.5111*- 

6185.. 

“ 3560 . 

998. 

1702. 

2004. 

_2431. 

....296.0,. 

3373. 

.3511. 

.... 360.5, 


_JL09JLl_ 

6161. 

TOO 6. 

989. “ 

1690.' ~ 

■"*1991. 

2417. 

2944. 

3357. 

... 3495. 

. 3591_. _ 

433b. 

_5_0_71t 

614L* - 

5000. 

974. 

1671. 

1969. 

2394. 

2917. 

3329. 

3468. 

3567. 

4308. 

5038. 

6107. 


6000. 

7000. 

8000. 


961. 

950. 


165A? 

1640. 


1934. 


2375. 

2357. 


-J2JL95i_. 

2875. 


3306. 

3286. 


J445, 

3425, 

3407. 


_15.47. a 

3529. 


4263. 

4244. 


4987. 6053. 


4965. 


6030. 


9000. 

930. 

1614. 

1906. 

2327. 

2840. 

3250. 

3390. 

3497. 

*22 6. 

4944. 

6008. 

10000. 

921. 

1602. 

1892. 

2313. 

2624, 

3233. 

3373. 

_2*<LL» 

*206. 

*924. 

5987. 

12500. 

899. 

1574. 

1860. 

2279. 

2785. 

3193. 

3333. 

3447. 

41b7. 

4876. 

5937. 

”T5O'0OV 

878. 

1543. 

1829. 

2245. 

2747. 

3153. 

3294. 

3411. 

4125. 

4829. 

■UUf 

T75OTT 

878. 

1545. 

1829. 

2245. 

2747. 

3153. 

3294. 

3411. 

4125. 

4829. 

5887. 


878V 


1829. 

2245. 

2747. 

3153. 

3294. 

3411. 

4125. 

4829. 

5887. 


_J78^ 


1829 • 

"22 45 V" 

2747. 

3153. 

3294. 

3411. 

4125. 

4829. 

5887 , 
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Table 12. Absorptive Cross Sections (millibarns) for Antiboron Projectiles 


EN ERGY 


MEV/AMU 

HE 

C 


50. 

950. 

1430. 

75. 

892. 

1357. 

ioo. 

855. 

1310. 

125. 

825. 

1273. 

150. 

808. 

125 1. 

175. 

791. 

1229. 

200. 

779. 

1214. 

225 . 

766. 

1198. 

2 50. 

757. 

1186. 

275. 

748. 

1174. 

300. 

741. 

116b. 

350. 

728. 

1149. 

<>00. 

718. 

1136. 

500. 

702. 

1116. 

600. 

691. 

1102. 

700. 

682. 

1090. 

800. 

674. 

1080. 

900. 

668. 

1072. 

1000. 

662. 

1064. 

1250. 

652. 

1052. 

1500. 

643. 

1040. 

1750. 

636. 

1030. 

2000. 

631. 

1024. 

2500. 

624. 

1015. 

3000. 

618. 

1007. 

3500. 

613. 

1000. 

iooo. 

609. 

995. 

5000. 

601. 

985. 

6000. 

595. 

97t>: 

" 7000. 

590. 

970. 

8000. 

585. 

9b4. 

9000. 

581. 

958. 

10000. 

576. 

952 . 

12500. 

566. 

939. 

15000 • ~ 

555. 

925. 

*17500. 

555 . 

9257 

20000. 

555. 

92 5." 

22500. 

555. 

925 • 


a 

AL 

AR 

1640. 

19047 

2 259. 

.. 1562. 

...1819.. 

..2164. _ 

1510. 

1764. 

2102. 

1470. 

i7ao. 

2053. 

144o • 

1694. 

2024. 

1422. 

1668. 

1995. 

1405. 

1649. 

1974. 

1387. 

1630. 

1953. 

1374. 

1616. 

1937. 

1362. 

1603. 

1922. 

1352. 

1592. 

1910. 

1334. 

1573. 

1889. 

1320. 

1557. 

1871. 

1298. 

1533. 

1 144 . 

1282. 

1517. 

1825. 

1269. 

1503. 

1809. 

1257. 

1490. 

1795. 

1249. 

1480. 

1784. 

1241. 

1472. 

1774. 

1226. 

1456. 

1756. 

121*4. 

1443. 

1741. 

1203. 

1431. 

1 727. 

'1196. 

1424. 

1719. 

" 1185. 

1412. ~ 

1705. 

117o. 

1402._ 

1694. 

.U69. 

1394. _ 

1.68.5 * 

1163. 

1388. 

. 1677. 

1152. 

1376. 

1664. 

. JL143* 

Jjai* - 

, 

1136. 

1358. 

1644. 

1128. 

13517' 

1635. 

1122. 

1344. 

1627. 

1115. 

1337. 

1619. 

1100.' 

1320. 

1600. 

'1085". 

1304. 

1581. 

“"*1685. 

* 1304 7 " 

“1581. 

108 5. 

13047 

1581. 

1085 • 

1304. 

1581. 


FE _£U JR . 


2491. 

2551. 

2526i_ 

2192,. 

2453_. 

2435* 

2328. 

2390. 

2376- 

2278. 

2339. 

2328. 

2247. 

2309,. 

2301. 

2217. 

2279. 

2272. 

2196. 

2257. 

2253. 

2174. 

2235. 

2232 1- 

2157. 

2219. 

2217. 

2 1.42 • 

2204. 

2202. 

2130. 

2192. 

2191.. 

2107. 

2169. 

2170. 

2089. 

2151. 

2153. 

2061. 

2123. 

.1128- 

2041. 

2104. 

2110. 

2024. 

2087. 

2095. 

2010. 

2073. 

2082. 

1998. 

2062. 

2072. 

1988. 

2052. 

2063. 

1970. 

.2034, 

_1G47. 

1954. 

2018. 

2033. 

1940. 

2004. 

2020. 

1932. 

1996. 

2013. 

1910. 

1982. 

2001. 

1907. 

1971. 

1992*_ 

_ JL897,_ 

^1962.- 

,..1984. 

1889. 

1955. 

1 977^ 

1876. 

1941. 

1966. 

1865. 

... 1911*. 

„ 1956. 

1855. 

1921. 

1948. 

1846. 

1912. 

1940. 

1837. 

1904. 

1933. 

1829. 

1896. 

1926. 

1810. 

1877. 

1910. 

1791." 

"1858. 

1893. 

1791. 

1858, 

1893. 

1791. 

1858. 

1893 • 

1791. 

1858. 

1893. 


A6 £A £B. 


_ 30JJL, MSLOi ‘lOIZ 

2SQJ1,. 3375. 3A51»- 

ZAkL* 33QO, 30J72, 

_ . 2 787 , 3240. 3808 , 

j2.75JLt 12 Qi, 37.7U_ 

2724. 0170.^ 3734. 

270 1. _j£44._ 3707. 

...... 2&2.Z. . 36J9jl. 

2660- _ 3099, 3659. 

2644. 3081. _ 3640ju 

.. 26_31. .3fi6i> . .3 «Ll_ 

2607. _ _ 3039 ._ ^.3J96.„ 

_ 258.8. _ 3018. 3 573. 

. 25 2901, _ .3539... 

25 39. 2962 . 3515. 

2521. _ 2942. _ 3494.* 

.JL5M. J9j>L,„ 34_15 jl_ 

2494. _ 2911_. 3462. 

2484. . 2900. _ 3449. 

. . 24feS. 2079., _ 3427., 

2448. 2859. 3407._ 

2434. 2843. _ 3390. 

... 2425.. 2833. . 3_38_0*. 

_2411 . _ 2817. 3363, 

.. 2400. 2804. 3349. 

2391.. 2793. - 3338.. 

2383. 2284. 3328,. 

216 9 s_ 2 768. 1312., 

-2358. 3755,_ -3299.- 

2 348. _2743. _ 3287._ 

2339V 2733. 3276. 

2330.. 2723, . 3266, 

23 2 2, 27H, - 3256 

2303. ^2698. _ 323.2. 

2283 V 2668 V 3? 09, 

2283, . 2668. _ 1209 _ . 

2283. _ 2668. „ 3209. 

.22.83. 2660 3£QfLt_ 
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Table 13. Total Cross Sections (millibarns) for Anticarbon Projectiles 


ENERGY 


MEtf/AMU 

HE 

c 

0 

AL 

AR 

F E 

cu . 

BR 


&A 

LB 


50. 

1679. 

2 576. 

2965. 

3465. 

4124. 

4581. 

4711. 

4714. 

5623. _ 

6518i__ 

7670. 

75. 

1568. 

2435. 

2611. 

3300. 

3939. 

4388. 

4520t_ _ 



542Q* - 

6292«_ 

7431. 

100. 

1495. 

2343. 

2711. 

3192. 

3818. 

4263. 

4395l 

4417-1 

5287. 

6l44_. 

7274. 

125. 

1438. 

2271. 

2632. 

3106. 

3723. 

4164. 

4296. 

4323. 


6026 t— 

7148.J- 

150. 

1405 . 

2228. 

2585. 

3056. 

3666. 

4105. 

4237. 

4269. 

5119. 

5957 . 

7075. 

175. 

1371. 

2185. 

2539. 

3005. 

3610. 

4046. 

4178. 

4213. 

5056. 

5887. 

7000. 

200. 

1348. 

2155. 

2505. 

2969. 

3569. 

4004. 

4136. 

4174. 

5011. 

5837. 

6947. 

225. 

1323. 

2123. 

2471. 

2932. 

3528. 

3961. 

4093. 

4133. 

<>965. 

5786. 

6892. 

250. 

1305. 

2100. 

2445 • 

2905. 

3497. 

3929. 

4061. 

4103. 

4931. 

5747. 

6852. 

275. 

1288. 

2079. 

2422. 

2879. 

3469. 

3899. 

4031. 

4074. 

4899. 

5712. 

6814. 

300 • 

1275. 

2061. 

2403. 

2859. 

3445. 

3875. 

4007. 

4052. 

4873. 

5683. 

6783. 

3507 

1250. 

2029. 

2366. 

2 821. 

3403. 

3830. 

3963. 

4011. 

4826. 

5630. 

6727. 

400. 

1230. 

2004. 

2339. 

2790. 


3795. 

3927. 

3977. 

4788. 

5587. 

6661. 

500. 

1200. 

1964. 

2296. 

2743. 

■ 1 11 1— 

3740. 

3872. 1 

3926. 

*730. 

5522. 

6612 . 

500. 

1179. 

1937. 

2266. 

2711. 

3279. 

3701. 

38 34. 

3891. 

4689. 

5476. 

6564. 

700. 

1161. 

1913. 

2240. 

2683. 

3247. 

3668. 

3801. 

3861. 

4654. 

5437. 

6522. 

800. 

1145. 

1893. 

2217. 

2658. 

3219. 

3639. 

3772. 

3834. 

4623. 

5402. 

6485. 

900. 

1133. 

1877. 

2199. 

2639. 

3197. 

3617. 

3750. 

3814. 

4600. 

5376. 

6458. 

1000. 

1122. 

1863. 

2183. 

2622. 

3178. 

3597. 

3730. 

3796. 

4579. 

5352. 

6433. 

1151. 

1102. 

1637. 

2154. 

2591. 

3143. 

3560. 

3694. 

3764. 

LIU 


HT 9 I*]r 4 SI 

ncr<n 

1085. 

1614. 

2130. 

2564. 

3112. 

3528. 

3663. 

3735. 

4508. 

5271. 

6347. 

T7T0~i 

“1070. 

7795. 

2108. 

2541. 

3086. 

3501. 

3636. 

3710. 

4480. 

5239. 

6313. 



1783. ‘ 

1094. 

2526. 

3069. 

3484. 

3619. 

3695. 

4462. 

5218. 

6292. 

— 

1045. 

1762. 

2072. 

2502. 

3041. 

3455. 

3591. 

3670. 

4433. 

5185. 

6257. 

30007 

T0337 

T746. 

2CT5V. 

2483. 

3019. 

3433. 

3569. 

3651. 

4410. 

5158j>_ 

6229-t— 

3500. 

1023. 

HHVEEI 

2039. 

2467. 

maaaaK 

3414. 

3550. 

JWli 

4391 . 

5136. 

6206. 

4000. 

1014. 

1 7 ;? . 

2026. 

2453. 

2986. 

_3J9J1 l _ 



3621. 

4374- 

5117. 

61 B6«- 

5000. 

999. 

1703! 

2005. 

WBM 

2959. 

3371. 

3508. 

3597. 

4347. 

5085. 

6153. 

6000. 

987. 

1686. 

1987. 

■ImS 

2937. 

3348. 

U«6. 

35.1e.__ 



6125jl„ 

7000. 

976. 

1672 

1971. 

2394. 

2918. 

3328. 

3466. 

3560. 

4303. 

5035. 

6100. 

8000^. 


ThTT. 

1956. 

2379. 

29W. 

'3310. 

3448. 

3544. 

4284. 

5013. 

6077. 


^577 

1647 . 

1942. 

2364. 

2 683 . 

3293. 

3431 . 

3529. 

4266. 

4992. 

6056. 

“Toeroo". 

'948/ 

1635. 

1929. " 

2350. 

2867. 

'3276. 

3415. 

3515. 

4249. 

4973. 

6036. 

12500. 

926. 

1607. 

1898. 

2317. 

2629. 

3237. 

3376. 

3480. 

4208. 

4926. 

5987. 

■ Ill 1111 


T57^ 

"T&EE. 

228Ti 

2791. 

3197. 

3337. 

3446. 

4168. 

4880. 

5938. 

rrsw: 

■ — WF7 

— 15797“" 

1866 • 

22 83. 

2791. 

"3197. 

~~3337 • " ” 

344 oT™ 

4168. 

4880. 

5938 . 

“ 20000 . 

"905. 

1579. 

1866. 

2283. 

c 791 . 

3197. 

3337.' 

3446. 

4168. 

4880. 

5938. 

2251D. 

955 . 

1579. 

1866. 

2283. 

2 791. 

3197. ' 

3337. 

3446. 

4168. 

4880. 

5938. 
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Table 14. Absorptive Cross Sections (millibarns) for Anticarbon Projectiles 


ENERGY 


JlEV/AMy 

50 r 

75. 

10 * 0 . 


JL25 • 
JL50. 
jjs." 
200 . 


HE 

9567" 

899'. 

862*_ 

833. 

8X6. 

799. 

7867 


_ C jG A L A* JEJL 

T 4397 ZZ\P 52 lb'. IT27T. 1 

iA67* imi jjuIL—jLLfl 

1 320. 1523. 1776. 2118 . 

1982. 1 732. 2 069. 

_1956_. 1707. _ 2 090 . 

Ash,- 1681. 2 011. 

19i7. 1662. 1991. 2211. 


CU 


-JJL 


JUL 


JA. 


I_2b3. 

J262. 

1290_.^ 

'1229. 


2271 1 


2258. 


225. 


1900 


1693. 


2712. 


3 1 6 Q. 


2686. 


3139 1 





.3720. 


169.3-1 


250. 

765. 

1196. 

1387. 

1629. 

1959. 

2173. 

2233. 

2222. 

2671. 

3115. 

mssm 

275. 

756. 

1185. 

1375. 

1616. 

1939. 

2158. 

2218. 

2208. 

2655. 

3097, 

3653a 

300. 

799. 

1177. 

1365. 

1606. 

1927. 

2195. 

2205. 

2197. 

2692. 

-1M 2, 

3639 ■ 

"J53V 

736. 

1160. 

1397 • 

1586. 

190 5. 

2123. 

2183 . 

2176. 

261b. 

3056. 

3610. 

900. 

726. 

1147. 

1333. 

1571. 

1688. 

2105. 

2165. 

2160. 

2599. 

3039. 

3587. 

500. 

711. 

1127. 

1311. 

1597. 

. 1661. 

. JGI7* . 

^ZU1±. 

2135. 


3002. 

3551-... 

600. 

700. 

1119. 

1296. 

1531. 

1892. 

2058. 

2118. 

2118. 

2551. 

2979. 

3529. 

700. 

691. 

1102. 

1283. 

1516. 

1 626. 

2091. 

2102. 

2103. 

2533. 

__2959j 

3509. 

900. 

683. 

1091. 

1271. 

1504. 

1612. 

2026. 

2481^ 

2089. 

2518. 

vsnv 

3991- 

900. 

677. 

1083. 

1262. 

1999. 

1801. 

2015. 

2076. 

2079. 

2507, 

2929, 

3977. 

1000. 

671. 

1076. 

1 Zo'j • 

I486. 

1791. 

2005. 

2067. 

2071. 

2996. 

2917. 

3965. 

1250. 

662. 

1069. 

1290. 

1971. 

1279. 

1987. 

mmm 



BTTEMI 

Kim 

1500. 

653. 

1052. 

1228. 

1957. 

1758. 

1971. 

2033. 

2091. 

2461. 

2877. 

3923. 

1750. 

696. 

1093. 

1217. 

1995. 

1795. 

1957. 

2020. 

2029. 

2997. 

2861 . 

3906. 

2000. 

661. 

1037. 

1210. 

1938. 

1737. 

1999. 

2011. 

2022. 

2939. 

2851 . 

3396. 

2560. 

634. 

1027. 

1200. 

1927. 

1723. 

1935. 

1998. 

2010. 

2925. 

2835. 

3379. 

3000. 

628“. 

1019. 

1191. 

1917. 

1712. 

1929'. 

1987. 

2001. _ 

2919. 

2822a 

3366. 

3500. 

623. 

1013. 

1184. 

1910. 

1703. 

1915. 

1978. 

199 9— _ 

2905. 

2812. 


9000. 

619. 

100b. 

1178. 

1903. 

1696. 

1907. 


1987. 



3396 . 

5000. 

612. 

998. 

1167. 

1392. 

1683. 

1899. 

1958. 

1976. 

2389. 

2787. 

33-30. 

6000. 

606. 

991. 

1159. 

1382. 

1672. 

1883. 

1997. 

1967. 

2373. 

2774. 

3317. 

7000. 

601. 


1151. 



1873. 

1938. 

1959. 

2363. 

2763. 

3305. 

8000. 

596. 

978. 

1144. 


TT1W 

1864. 

1929. 

■U)W 

2359. 

2753. 

3294. 

9000. 

591. 

972. 

1137. 

1360. 

1696. 


mmwm 

1999. 

Kim 

Kznv 

3289. 

10000. 

587. 

966. 

1131. 

1353. 

1638. 

1698. 

1913. 

1937. 

2338. 

2733. 

3175. 

12500. 

577. 

953. 

1116. 

1337. 

1619. 

1829. 

1899. 

1921. 

2319. 

2711. 

3252. 

15000. 

567. 

939. 

1101. 

1321. 

1601. 

1810. 

1876* 

1905. 

2300. 

2689. 

3129 , 

17500. 

Ti57~— 


1101. 

1321. 

1601. 

1810. 

1876. 

1905. 

2300. 

2689. 

3229. 

20000. 

567. 

939. 

1101. 

1321. 

1601. 

1810. 

1876. 

1905. 

2300. 

2689. 

3229. 

22500. 

567. 

939. 

1101. 

1321. 

1601. 

_._A810._ 


1905. 

2300. 

2m« 

3229. 


ORIGINAL PAGE IS 
OF POOR QUALITY 


22 






















ORIGINAL FAS" 

OR POOR QUALITY 


Table 15. Total Cross Sections (millibarns) for Antinitrogen Projectiles 


_£N£A£i_ 


MEV/AMU 

HE 

c 

□ 

AL 

AR 

FE 








50. 

1817. 

2749. 

3152. 

3670. 

4348. 

4818. 

75. 

1700. 

2603 . 

..2393a.- 

3499. 

.. 4151±_ 

4626* . 

100. 

1624. 

2508. 

2669. 

3387. 

4Q34. _ 

4492, 

125. 

1 564 . 

2432. 

2807. 

3299. 

3936. 

4390. 

150. 

1529. 

2360. 

2750. 

3247. 

3877. 

4329. 

175. 

1493. 

2343. 

2710. 

3195. 

3819. 

4266. 

200. 

1468. 

2312. 

2675. 

3157. 

3777. 

4225. 

225. 

1443. 

2279. 

2640. 

-J119... 

..JliS. 

-4180, 

250. 

1424. 

2255. 

2614... 

3091, 

Jl20 3_, .. 

4147, 

275. 

1406. 

2233. 

2589. 

3064. 

3673. 

4116,. 

300. 

1392. 

2214. 

2569. 

3043. 

3649. 

4091. 

350. 

1366. 

2161. 

2533. 

3003. 

3605. 

4046. 

400. 

1345. 

2154. 

2503. 

2972. 

3570. 

4009. 

500. 

1313. 

2114. 

2450. 

~222 £a. 


... 3?52. 

600. 

1291. 

208 5. 

2427. 

2889. 

3477. 

3912. 

700. 

1271. 

2060. 

2400. 

2860. 

3444. 

387.8. 

800. 

1254. 

2039. 

2376. 

2834. 

3415. 

3848. 

900. 

1242. 

2022. 

2358. 

2815. 

3393. 

3825. 

1000. 

1230. 

2007. 

2341. 

2797. 

3373. 

3805. 

1250. 

1209. 

1980 • _ 

..lliLt-.. 


^1136,. _ 

-3767, 

1500. 

1191. 

1957. 

2285. 

2737. 

3305. 

3734. 

1750. 

1175. 

1937. 

2263. 

2713. 

3270. 

3706. 

2000. 

1165. 

1924. 

2249. 

2698. 

3 260. 

3686. 

2500 . 

1149 • 

*1903." 

2225. 

2673. 

3231. 

3659. 

3000. 

1136, 

1886, 

_2266. 2653. _ 

... 3 209. 

1635, 

3500. 

1125. 

1872. 

2191. 

2636*_ 

3l9fl,... 

36.16.t_ . 

406Q. 

1116* 

I860. 

2178. 

2622. 

1171. 

-3599* ... 

5000. 

1100. 

1840. 

2155. 

2598. 

3 146. 

3571. 

6000. 

..1Q€LL>„-. 

1023. 

2136, 

2518-*.- 

- 2124*._ 

...35.48 . 

7000. 

1076. 

1606 . 

2120. 

2561. 

3104. 

3527. 

8000 • 

1065. 

" 1794. 

2105. 

2544. 

3185. 

3508. 

9000. 

1055. 

1782. 

2090. 

2529. 

1£6Bjl._. 

.-3.490, 

10000, 

1 Q45_. 

_._1769*__ 

_2£7I*_- 

2515. 

___3 06U.. 

-3473. 

12500. 

1023. 

1740. 

2044. 

2480. 

3012. 

3432. 

" 15000. 

1000. 

1711 . 

2011. 

24*»5. 

2972. 

3392. 

17500. 

1000. 

1711. 

2011. 

2445. 

2 972. 

3392. 

20000. 

1000. 

1711. 

2011. 

2445. 

2972. 

3392. 

'22500. 

1000. 

i 7 i i . 

2011. 

2445. 

"2 972. 

3392. 


£1L 


JLR_ 


_A£_. 




.13 


49 53,. 
A7_ 5j6._ 
,4627. 
A525 . _ 
44J>4. 
4404. 
4361 • 
4316* 
4283^ 
4252. 
422J7. 
4102. 
4145 ^ ^ 
AO 89. 

4049. 

4Q 15. 
3985. . 
3963. 
3942._ 
39Q5. ... 
3072. _ 
3845i. 
3827ji__ 
3798. 
37-7 -Sa 
. 37.56* 
374XU__ 
_3IUi_ 


4 960 « 


589 0. 6804. 7983 . 


-AX/6, - 
4634ul 

aatti, _ 

5545. 

03 1C « 

-XXIB* 

7577j 

4556. 

5435. 

6300 • 

-7449,. 

4500* 

5371. 

6229 ..... 

2113% 

4442. 

5306. 

6157. 

7297,.. 

4402. 

. _52_(?0. 8106 . 

J?2*2. _ 

„A360*. 

5213. 

605 3 • 

_7T8.6*_„ 

A.329 . _ 

_. 5178. 

_40L4,._. 

_21A3*_. 

4299. 

_5146*__ 

_A9X2,__ 

. 7165_*_- 

. 4276^ 

...Hili- 

5948. 

7674*— 

4233. 

5070. 

5894. 

70T7_. 

4198. 

503Q_. 

5850. 



. A146 
41_1_0 . _ 
ACL7i._. 


JtXUU U&Ijl- 

4929 . 5736 < 


6899 < 


_6849*__ 



402J.._, _ A815*_ 


_56Q1« 


_62J4j 


„_ 397 . 7 _, 1126 * 5.561 * 6663 

_Jl942 _ A7A2* 5625^ 662 7. 

392 1. A711* 549 2 a_ .659^ 


3906. 


A694. 


5471. 


6570 « 


3880. 4664 . 

3660, 4610^ 

36A3L* 4621*— 


_ 5416 li 


653 4 i 


-54Q9 . 6505 • 


3329,.. 

_36£Al. 


-4604^. 


A5.25* 


-5366. 6461a- 

5334. 6427*_ 


-3689. 

3669. 
„ 3650 • 
3632. 

2616a 

3575. 
3535. 
3535. 
35 35. 
3535. 


37B 4 -. 


4551. 


3766. 


4530. 


3749. 
► 37.3Ai 


5306. 6296a- 

5282. 63 73. 

A53JK__6269^ 63A9 

-4116. 5238. 6327. 


ATJAa. 


4^74. 


5212 a 


6306. 


3683. 4432. 5170. „625<L._ 

. 3647jl -339J2i~ — AJL22* 6206^ .. 

3647 . 4 3 9_0^ 51 22. 6206 . _ 

3647 . _ A 390,, 5122,. 610 6*_ 

3647, 4 3 9 ft , , 6116? 6266-1. 
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Table 16 . Absorptive Cross Sections (millibarns) for Antinitrogen Projectiles 


ENERGY 


ME V /A MU 

HE 

C 

a 

AL 

A.R 

F £ 

CU 

BR 

AG 

BA 

PB- - 













50. 

1032. 

1533. 

1752. 

*025. 

2394. 

2631. 

2691. 

2659. 

3160. 

3655. 

4247. 

75. 

972. 

145b. 

1671. 



...2510^.. 

2591 . 

..... 256.6 *__ 

.1055* 353.8*.-— 

- 4124* 

100. 

934. 

1 410. 

1618. 

1881. 

2233. 

2465. 

2526. 

2505. 

2986. 

3461. 


125. 

903. 

1371. 

1576. 

1836. 

2183. 

2413. 

2474. 

2456. 

2931. 

3400. 

3979. 

150. 

885. 

1349. 

1552. 

1809. 

2153. 

i.38i , 

. 2443. .. 

2 42_%. 

2899. 

,336 4_*_ 

_194X*_- 

175. 

867. 

1326. 

1527. 

1782. 

2123. 

2351. 

2412. 

2400. 

2867. 

3328. 

3903. 

200. 

854. 

1310. 

1509. 

1763. 

2102. 

2329. 

2390. 

23S 0 • 

2844. 

3302. 

3876. 

225. 

841. 

1293. 

1491. 

1744. 

2 080. 

234)6. 

. 2168. 

2358. 

2820. 

3275. 

3847. 

250. 

831. 

1281. 

1478. 

1729. 

2064. 

2289. 

2351. 

2343. 

2802. 

3256. 

3.827.* . 

275 . 

822. 

1269. 

1465. 

1716. 

2C48. 

2273. 

2335. 

2328. 

2785. 

3237. 

3807. 

300. 

815. 

1260. 

1455. 

1705. 

" 2036. 

2261. 

2323. 

2317. 

_ lUZ* 3222. 

379_1*“_ 

3 50 r* 

801. 

'l243~. 

1437. 

"163 5. 

2 C14 • 

2238. 

230Q. 

2295. 

2748, 

3195. 

3 763. 

400.' 

791. 

1230. 

1422. 

1609. 

1995. 

2219. 

2281. 

2278. 

2728. 

3173. 

3739. 

500. 

774. 

1209'. 

1399. 


1968. 

.2190. 


l&JU.. 

2698. 

3139. 

_1ZQ4«- 

~60S7 

763. 

1195. 

1383. 

1627. 

1948. 

2170. 

2233. 

2234. 

2678. 

3116. 

3680. 

700." 

?53. 

" 118 2. 

1370. 

1612. 

’1932. 

2153. 

2216. 

2219. 

2660. 

3096. 

_1669_.. 


800. 

745. 

1171. 

1358. 

1599. 

1917. 

2138. 

22 01. 

2201. _ 

2644. 

3078. 

3640. 

900. 

738. 

1163. 

1349. 

1589. 

1906. 

2126. 

2116. 

2190. 

2195. 

2632. 

3065. 

3626. 

1000. 

733. 

1156. 

1340. 

1581. 

1896. 

2180. 

2.16_1 • . 

2186. 

2622. 

3053. 

3613. 

1250. 

722. 

1142. 

1326. 

1565. 

1878. 

2097. 

1 6 9 • ... 

2603. 

3011. 

3591* 

1500. 

713. 

1131. 

1313. 

1551. 

1862. 

2081. 

2145. 

2155. 

2586. 

3012. 

3570. 

1750. 

705. 

1121. 

1302. 

1539. 

1648. 

2067. 

2131. 

2142. 

2571. 

2995. 

3553. 

2000. 

700. 

1114. 

1295. 

1531. 

1839. 

2058. 

2123. 

2135. 

2562. 

2985. 

3543. 

2500. 

693. 

ii04. 

1283. 

1519. 

1625. 

2044. 

2109. 

2123. 

„2JL4 8 • _ 

1296 8 

3526. 

JWo. 

686. 

1096. 

1274. 

1509. 

1814. 

2032. 

2098. 

2113_»__ 

2537. 

2955. 

1512. 

3500. 

661. 

1089. 

1267. 

J.SOLli.. 

1605. _ 

2023. 

209 8^ 

21Q5_i 

2527. 

2944. 

3501 • 

4000. 

677. 

1084. 

1260. 

1494. 

1797. 

- 101_ 5*. 

2081. 

2099. 


.2915.. 

3491 . 

5000. 

669. 

1074. 

1250. 

1483. 

1784. 

2001. 

2067. 

2067. 

2506. 

2919. 

3475. 

6000. 

663. 

1066. 

1241. 

1AL1*_ 

1772. 

-1-220" 

-205.6* - 

2077. 

2494. 

2906 . 

__3 4.6 1 • 

7000. 

658. 

1059. 

1232. 

1464. 

1763. 

1980. 

2046. 

2069. 

2484. 

2894. 

3449. 

81500 . 

653. 

1052. 

1225. 

1457. 

1754. 

1971. 

2037. 

2061. 

2475. 

2883. 

3438. 

9000. 

648. 

1046. 

1218. 

1449. 

1745. 

1962. 

2029. 

2054. 

2466. 

2873. 

1427. 

10000. 

643. 

1040. 

1212. 

1442. 

1737. 

1954. 

2021. 

2047. 

2458. 

2863. 

3417. 

12500. 

632. 

1026. 

1196. 

1425. 

1718. 

1934. 

2001. 

2030. 

2438. 

2840. 

3394. 

15000. 

622. 

1012. 

1180. 

1409. 

1699. 

1914. 

1982. 

2013. 

2418. 

Bon 

■niM 

17500. 

622. 

1012. 

1180. 

1409. 

1699. 

1914. 

1982. 

2013. 

2418. 

2817. 

3370. 

20000. 

622. 

1012. 

1180. 

1409. 

1699. 

1914. 

1982. 

2013. 

2416. 

2817. 

3370. 

22500. 

622. 

1012. 

1180.' 

1409. 

1699. 

1914. 

1982. 

-Jlqai*.—. 

ihlk* 

29LL«- 

U 70i. 
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Table 17. Total Cross Sections (millibarns) for Antioxygen Projectiles 


ENERGY 


ME V /A MU 

HE 

C 

0 

AL 

AR 

FE 

cu 

BR 

AG 

BA 

u 













50. 

1985. 

2959. 

3376. 

3915. 

4613. 

5101. 

5242.,. 

_£26 1. 

621£. 

7116. 

83 59_jl 

75. 

I860. 

2805. 

.32G9^„ 

3736. . 

... 4416. 

_ .4.8 9.6 * . 

_ 5:03 a ♦ . , 



-6.9 Q. 7 »- 

_ei.afL»_ 

100. 

... 1780. 

,2706 . . 

3101. 

_ 3621t - 

_A288_. 

4 76.3_.__ 

4905 .___ 

.A 9 

5.8 51..- 

675L. 79VL. 

125. 

1716. 

2627. 

3016. 

3529. 

, 4 186. 

_ 4057 •_ 

4799. 

..48.4.Qa_ 


_ hh2b-. Zfl08. 

150. 

1679. 

2560. 

296^. 

3474. 

4125.1 

.45.94. ... 

*716.* . . 

-1782. 


-655.2_.-~ 

JU2&+- 

175. 

1642. 

2533. 

29x4. 

J420. 

4065. 

4531. 

4673. 

4722. 

5606. 

6478. 

7651. 

200. 

1615. 

2500 . 

2878. 

3301. 

4C21. 

4486. 

4628. 

1680. 

5560. 

6425_. _ 

7595. 

225. 

1588. 

2466. 

2841. 

3341. 

3977. 

4440. 

4582. 

36-36. 


-feJXljL 

_753Z*_ 

250. 

1567. 

2441. 

2813. 

3311. 

3944. 

4406. 

4548. 

1603. 

5474. 

ano . 

7494. 

275. 

1549. 

2417. 

2788. 

3284. 

3913. 

4373. 

4516. 

4573. 

5440. 

AZRljt - 

7454. 

300. 

1533. 

2396 . 

2767. 

3261. 

38606 

4348. 

4490. 

4548. 

5413. 

6262. 

7422. 

350. 

1506. 

2363. 

2729. 

3220. 

3643. 

4300. 

4443. 

4504. 

5362. 

6206. 

7362. 

400. 

1483. 

2335. 

2698. 

3187. 

3806. 

4262. 

4404. 

4467. 

5321. 

6161. 

7314. 

500. 

1449. 

2292. 

2651. 

3136. 

3749. 

42Q3 

.134 ft. 

Ill 3^ 




724.U.. 

600. 

1425. 

22bl’ . 

2618. 

3101. 

3709. 

4162. 

4305. 

4375. 


6013. 

7189. 

700. 

1405. 

2235. 

2589. 

3070. 

3675. 

4126. 

4269. 

4342. 

5178. 

aooi^ 


800. 

1386. 

2213. 

2564 . 

3043. 

3645. 

4095. 

1238. 

1312. 

5145. 

5961. 

7106 . 

900. 

1373. 

2195. 

2545. 

3023. 

3622. 

4071. 

4214. 

1291. 

5120. 

5936. 

7076. 

1000. 

1360. 

2179. 

2528. 

3004. 

3601. 

4049. 

4193. 

1271. 

5098. 

5911. 

7050. 

1250. 

1338T 

2151. 

2496. 

2970. 

3563. 

4010. 

4154. 

4236. 

5057. 

5861. 

7QQ.Lt- 

1500." 

1318. 

“ '2126. 

2468. 

2941. 

3530. 

3976. 

4120. 

4204. 

5021. 

5824. 

6959. 

1750. 

1301. 

_ 2"i05. 

2445. 

2916. 

3502. 

3947. 

4091. 

4177. 

4991. 

5790. 

6922. 


1290. 

2091. 

2430. 

2900. 

3 '4 b 3. 

” 3928.""' 

4073. " 

4161. 

1971. 

5768. 

6899. 

"2500. " 

1273V 

“ 2068; 

2405. 

2873. 

3453. 

3897. 

4042. 

4134. 

4940. 

5732 . 

6862. 

3000. 

1258. 

2051. 

2385. 

2853. 


SKfifrii 

■luunh 

»ml 

nun 

5703. 

6832...- 

3500. 

1247. 

2036. 

2369. 

2835. 

3410. 

Jl8 52.. 

3998. 

1Q9?_,_ 


5680. 

-.6808, . 

4000. 

~1237.~ 

2023. 

2355. 

2820. 

3393. 

3835. 

3 9 flit 

4Q79-».._ 

1876^ 

5659. 

t, 7BA. 

5000. 

1220. 

2002. 

2331. 

2795. 

3364. 

3805. 

3952. 

4054. 

4846. 

5625. 

6751. 

6000. 

1205. 

1964. 

2311. 

2774. 

... 3 340 *_ 

. 3781 

392A.I-. 

_ 4-03 

4821. 

5596. 

6721. 

7000. 

1193. 

196b. 

2293. 

2755. 

3319. 

3759. 

3907. 

4013. 

4799. 

5571. 

6691. 

5UC1T. 

mr. 

T9FT. 

2277V 

2738. 

3300. 

3739. 

3887. 

3995. 

4778. 

5548. 

6670. 

9000. 

1170. 

1939. 

2262. 

2722. 

3281. 


3869. 

3979. 

4759. 

5526. 

6647. 

10000. 

1160. 

1926. 

2248. 

2707. 

3264. 

3703. 

3851. 

3963. 

4741. 

5505. 


12500. 

1135. 

1895. 

2213. 

2670. 

3223. 

3660 . 

3809. 


1697. 

5455. 

6572. 

T5300. 

niur 

IM4. 

' 2178. 

2634. 

" 3181. 

36T7. 

37 67 . 


4653. 

5405. 

6520. 

teaaai 


1664. 

2i7e. 


3181. 

3617. 


3887. 

1653. 

5405. 

6520. 

20000. 

mtrr 

1864. 

2178. 

2634. 

3181. 

3617. 

3767. 

3887. 

4653. 



~7Z5W7~ 

1T10 # 

“1864 V 

" 2178.“ 

"T6T4 . 

— 3T8T.V 

3617. 

3767. 

3887V 

1653. 




25 













ORIGINAL PAGE IS 
OF POOR QUALITY 


Table 18 . Absorptive Cross Sections (millibarns) for Antioxygen Projectiles 


ENERGY 


MEV/AMU 

HE 

C 

U 

AL 

AR 

FE 

CU 

BR 

A£ 

&A 

£0 


50. 

1126. 

1647. 

1874. 

2157. 

2536. 

2782. 

2845. 

2819. 

_3331. 

3835x 

4445. 

75. 

1063. 

1569. 

1.789 *_ 



26JX. 

22A1.« — 

__22Z3^__ 

3222. 

3714. 

-*3.Laa_- 

ioo • 

1022. 

1518. 

1734. 

2007. 

2369. 

2610. 

2674. 

2660. 

3151. 

3616. 

4235x_ 

125 • 

" 989. 

1478 V 

1691. 

i960. 

2317. 

2556. 

262L0x 

__2609x 

3094. 

3512. 

, 4169^ -, 

150. 

970. 

1454. 

1665. 

1932. 

2286. 

2524. 

2588. 

25.8 

3061. 

3536 a 

.41 10x— 

175 • 

951 • 

1431. 

1639. 

1905. 

2255. 

2492. 

2557. 

2550. 

3027. 

_1*98. 

_409 

200. 

937. 

1414. 

1620. 

1885. 

2233. 

2469. 

2534. 

2529. 

3003. 

3472. 

4062 «_ 

225. 

923. 

1396. 

1602. 

1864. 

2211. 

t4§. 

Z5U-. 

.25.07 «... 

2979. 

„3**4a 

_j* 013 a __ 

2 50. 

913. ' 

1383. 

1588. 

1849. 

2194. 

2428. 

2493. 

2*9 0. „ 

£960. 

3424. 

40L2. 

275. 

903. 

1371. 

1574. 

1835. 

2178. 

2412. 

2477. 

2475. 

2943. 

1*05* 

2£9£._ 

3 00. 

895. 

1362. 

1564. 

1824. 

2165. 

2398. 

2464. 

2463. 

2.9g9._. 

_2289,. 

_192iu_ 

3 50.' 

881. 

1344. 

1545 V 

1803. 

2142. 

2374. 

2440. 

2441. 

2904. 

3361. 

3946. 

400. 

870. 

1330 . 

1529. 

1786. 

2123. 

2355. 

2421. 

2423. 

2884. 

3338. 

3922. 

500. 

852 V 

1308. 

1505. 

1760. 

2094. 

2325. 

2391. 

2396. 


. 11.QA.J 


600. 

840. 

1293. 

1489. 

1743. 

2074. 

2305. 

2371. 

2377. 

2831. 

3280. 

3860. 

700. 

830. 

1280. 

1474. 

1727. 

2057. 

2287. 

2353. 

2361. 

.281 

__ 3259 • 

3jL3_£L_ 

800. 

821. 

1268. 

1462. 

1713. 

2042. 

2271. 

2337. 

2346. _ 

2796. 

_3gAJLL . 

_1819 t _ 

900. 

814. 

1259. 

1452. 

1703. 

2030. 

2259. 

2326. 

. 2336. . 

2 784f_ 

_3226. 

3&05*_ 

1000. 

808. 

1252. 

1443. 

1694. 

2020. 

2248. 

2315. 

2326. 

2773. 

3214. 

3791. 

" 1250. 

797. 

1237. 

1428. 

1677. 

2001. 

2229. 

2296. 

2309. . 

2Z5JL.-.- 

3191. 

__1IM • 

1500. 

787. 

1225. 

1414. 

1663. 

1984. 

2212. 

2279. 

2294. 

2736. 

3171. 

3747. 

1750. 

778. 

1214. 

1403. 

1650. 

1970. 

2197. 

2265. 

2281. 

2721. 

3154. 

3729. 

2000 . 

773. 

1208. 

1395. 

1642V" 

1961. 

2188. 

2256. 

2273. 

2711. 

3144. 

3718. 

2500.' 

765 V 

1197. 

~ 1383V 

*16297“ 

" 1946. 

2173. 

2241. 

2260. 

2696. 

3126. 

3700. 

3000. 

758. 

1 18 8. 

' 1374. 

1619. 

1934. 

2161. 

2229 . 

2250.JV 

266.**. 

Iali2.__ 

368 6 « 

"3500. 

752. 

1181. 

1366. 

161 i. 

1925. 

115 1.. 

2220- . 

22*2. - 

26-75j_ 

3 101 x — 

_a575_^„ 

46obV 

748. 

1175. 

_ 1359. 

1603. 

1916. 

2143. 

2211. 

. 2234^ 

2666. 

—3091.,. _ 

1664-a 

5000. 

739. 

1165. 

1348. 

1591. 

1902. 

2128. 

2198. 

2222 . 

2652. 

3075. 

_36_48_» 

6000. 

733. 

1150.. 

“ U38._ 

1MJU _ 



2L1L6. 

2186.. 

. .2212*. 

£6*oV_. 

.,3061a. 

.361i*.__ 

7000. 

727. 

1149. 

1330. 

1572. 

1680. 

2106. 

2176. 

2203 • 

2629. 

3049. 

3621. 

8000 V 

721. 

1142. 

1322. 

1564* 

1871." 

2096. 

2166. 

2195. 

2620. 

3038. 

3609 • 

9000. 

716. 

1135. 

1314 . 

1556. 

1662. 

2087. 

2157. 

2187. _ 

2610. 

3027. 

3598. 

10000. ’"■■■ 

7ii. 

1 i 2 9 • 

~ 1307 • 

1548. 

1854. 

2079. 

2149. 

2180. 

2602. 

3017. 

3568. 

12500. 

699. 

'1114. 

1291. 

15 31. 

1833. 

2058. 

2129. 

2162. 

2581. 

2993. 

3563. 

T5000. 

687. 

1099. 

1274. 

1513. 

1613. 

2037. 

'"2108. 

2144 • 

2560. 

2969. 

3538. 

‘ 17500. 

687 . 

’1099V 

1274. 

1513. 

‘“613.“ 

2037 . 

~ 2108 • 

2144. 

“ 2560. 

2969. 

3538. 

20000. 

687. 

1099." 

1274. 

1513. 

1613. 

2037. 

2108." 

2144. 

2560. 

2969. 

3538. 

2255b . 

687. 

1099. 

1274. 

151 3 V 

1813. 

2037. 

2108. 

2144. 

2560. 

2969. 

35i8i_. 
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Table 19. Total Cross Sections (millibarns) for Antineon Projectiles 


MEV/AMU 
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Table 20. Absorptive Cross Sections (millibarns) for Antineon Projectiles 


iMhRGY 


MEV/AMU 

HE 

C 

□ 

AL 

AR 

Ffc 

„ CU._ 

. . BR 

AG _ _ 

1A_ 

... .PJ 













50. 

1199. 

1736. 

1972. 

2265. 

2656. 

2906. 

2969. 

29*1. 

_ 3*65_. 

3981 . 

*601. 

75. 

1133. 

1658. 


.1 UIjl 

- 2J5S2. 

- 2799, _ 

28 63... . 


JL 35JL. 

3858. 


100. 

1091. 

1606. 

1829. 

2111. 

2*85. 

2730. 

279*. 

- 

2777. 

3260. 

3777. 

*317_t. 

125. 

1057. 

156*. 

1784. 

2062. 

2*32. 

267*. 

2719. 

272*. 3222. 

3713. 

*319. 

150. 

1037. 

15*0. 

1758. 

2034. 

. 2*00. 

26*2. 

2707 f 


3186. 

1875. 

_ .4_2.7?_* . 

175 . 

1018. 

1515. 

1731. 

2005. 

2368. 

2609. 

267*. 

2663. 

315*. 

3637. 

4239. 

206. 

1003. 

1*96. 

1712. 

1985. 

23*5. 

2586. 

2651. 

26*2. 

3129. 

3610. 

*210, 

225. 

989. 

1480. 

1693. 

196*. 

2322. 

2562. 

. 2627- . „ 

2619. 

310*. 

3582. 

*181. 

250. 

978. 

1*67. 

1679. 

19*9. 

2305. 

2544. 

2609. 

2603. 

3085. 

3561. 

*159. 

275. 

968. 

1*5*. 

1665. 

193*. 

2289. 

2527. 

2592. 

2587. 

3067. 

35*2. 

*138. 

300. 

960. 

1**5. 

1654. 

1923. 

2276. 

251*. 

2579. 

257*. 

__1053.„ 

.1528 , 

*122. 

350. 

9*6. 

1426. 

163*. 

1901. 

2252. 

2*89. 

2555. 

2552. 

3026. 

3*97. 

4091. 

*00. 

93*. 

1412. 

1618. 

188*. 

2233. 

2*69. 

2535. 

2533. 

3007. 

3*7*. 

*067. 

500. 

916. 

1389. 

159*. 

1858. 

2 20 3 • . 

_g*39. ^ 

2§0JLt _ 

2505. 

2975. 

3*39. 

4030. 

660. 

90*. 

137*. 

1577. 

1839. 

2183. 

2418. 

2*8*. 

2*86. 

2953. 

3*1*. 

*00*. 

700. 

893. 

1360. 

1562. 

182*. 

2165. 

2399. 

2*66. 

2*70. 

293*. 

3393. 

3982. 

800. 

883. 

13*8. 

15*9. 

1810. 

21*9. 

2383. 

2*5.0. 


wmrm 

worm 

wmm 

900. 

876. 

13*0. 

15*0. 

1799. 

2137. 

2371. 

2438. 

2***. 

2905. 

3360. 

39*7. 

1000. 

870. 

1332. 

1231 « 

1790. 

2127. 

2360. 

2*27. 

2*3*. 

289*. 

33*7. 

393*. 

1250. 

859. 

1317. 

1515. 

1772. 

210 7. 

23*0. ... 

2*Q7*__ 

2*16. 

2873. 


3910. 

1500. 

8*8.' 

130*. 

1501. 

1757. 

2090. 

2323. 

2390. 


2855. 

330*. 

3869. 

1750. 

8*0. 

129*. 

1*89. 

17*5. 

2076. 

2308. 

2375. 

2387. 

28*0. 

3286. 

38 70. 

2000. 

83*. 

1287. 

1*82. 

1736. 

2067. 

2298. 

2366. 

2379. 

2630. 

3275. 

1859 . 

2500. 

826. 

1276. 

1469. 

1723. 

2051. 

2283. 


2366. 

2815. 

3258. 

38*1. 

3000. 

819. 

1267. 

1460. 

1713. 

20*0. 

2271. 

liUJU 

2356. 

_2 ani. 

3244. 

3827 . 

3500. 

813. 


1*52. 

170*. 

H^HXTiYI 

WMTftWm 

mm 



WTTTMM 

Emm 

*000. 

808. 

M£H9 

1**5. 

1697. 

2021. 

2252. 

2321. 

23*0. 

276*. 

3222. 

KTTTEfKl 

5000. 

800. 

12*3. 

1*33. 

168*. 

2007. 

2238. 

2307. 

2327. 

2770. 

3205. 

3787. 

6000. 

793. 

123*. 

1*23. 

1674. 

±995. 

2225. 

2295. 

2317. 

275H. 

31 Q 1 * 

3773. 

7000. 

787. 

1226. 

1*15. 

1665. 

1985. 

2215. 

2285. 

2308. 

2747. 

3179. 

3760. 

8000. 

781. 

1219. 

1*07. 

1656. 

1975. 

2205. 

2275. 

2299. 

2737. 

3168. 

37*8. 

9000. 

776. 

1213. 

1399. 

16*8. 

1966. 

2196. 

2266. 

2291. 

2726. 

3157. 

3737. 

10000. • 

771. 

1206. 

mssam 


1957. 

2187. 

2257. 

228*. 

2719. 

31*7. 

3727. 

12500. 

759. 

1191. 

■KBM 


1937. 

2166. 

2237. 

2266. 

2698. 

3122. 

3702. 

~ 15000. 

7*7. 

1176. 

1358. 

1605. 

1916. 

“21*5. 

2216. 

22*8. 



ETTONB 

17500. 

7*7. 

1176. 

1358. 

1605. 

1916. 

21*5. 

2216. 

2248. 

2676. 

3098. 

3677. 


7*7. 

1176. 

1358. 

1605. 

1916. 

21*5. 

2216. 


2676 . 

3098. 

3677. 

22500. 

7*7. 

1176. 

1358. 

1605. 

1916. 

2A4_5j 


mm 

2676. 

■ lllfH 

3677. 


28 
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Table 21. Total Cross Sections (millibarns) for Antialuminum Projectiles 


ENERGY 


ME V/ AMU 

HE 

C 

0 

AL 

AR 

F E 

CU 

BR 



&A 

-LB. 


50. 

2372. 

3441. 

3897. 

4477. 

5236. 

5748. 

5890. 

5884. 

6905.f 

7905. 

9168«_ 

75. 

11 38. 

3277. 

3720. 

4288. 

5027. 

5532* 

5625*. 

5681. 

t i678. 

7655*- 

8904. _ 

iod. 

2151. 

317Q. 

160,5 jl 

4165. 

4691. 

5391. 

5535. 

554,8. 

6529. 

74,2. 

8732 . 

125. 

2082. 

3086. 

3513. 

4067. 

4783. 

5280. 

5423. 

5442. 

6411. 

7362*_ 

8594. 

150. 

2041. 

3036. 

3459. 

4009. 

4719. 


5357* 

-5180. 

6341. 

7284. 

6512*- 

175. 

2 ooi . 

2986. 

3405. 

3951. 

4655. 

5147. 

5291. 

5317. 

6271. 

7207. 

8430. 

200. 

1972. 

2950. 

3366. 

3910. 

4609. 

5099. 

5243. 

5273. 

6221. 

7152. 

8372. - 

225. 

1942. 

£919. 

3327. 

3868. 

4562. 

5051 * 

-51 25-. 

5226 . 

6169. 

_ 7094-*- 

8312. 

250. 

1920. 

2886. 

3298. 

3836. 

4527. 

-5014. 

5159_t__ 

51929- 

6131. 

7053. 

8267. 

275. 

1899. 

2861. 

3270. 

3806. 

4494. 

4980. 

5125. 

5160. 

6095. 

7013. 

8225. 

300. 

1883. 

2841. 


3783* 

4 46.8. 

495JJ ^ 

5097, 

5135. 

„6066*__ 

6981. 

8192. 

" 3 50 V 

~ 1853. 

2803. 

3207. 

3739. 

4 420. 

4903. 

5048. 

5088. 

6014. 

6923. 

8130. 

<*00. 

1828.' 

2773. 

3174. 

3704. 

4380. 

4862. 

5007. 

5050. 

5971. 

6875. 

8080. 


_5_00j 

600 . 


700. 

800. 

900. 


.1.7? At £122... „ 

1765_._ 2 694. 

_I743. 

1723. 


3089. 


3612. 4278. 


2667. 


2642 . 


..ASM*. -ASAAj 

_4.Z5.I. 49Q1, 

3059. 3580. 4242. 4720 . 4865. 4 918. 5822. 6709. 79Q5. 

3032. 3551. 4210. 4 686. 4832. 4887. 667 0. 7864. 


3012 


3529. 


4185 


4661. 


4808. 


1000. 

1695. 

2607. 

2993. 

3510. 

416*. 

4639. 

4785. 

4844. 

5738. 

6615 . 

7806. 

1250. 

1670. 

21.76. 

2960. 

3474. 

4123. 

4597. 4745. 

4807. 

,^5.69 5 . 

6567. 

. 7256*— 

1500. 

1649. 

2550. 

2931. 

3443. 

4089. 

4562. 

4709. 

4775. 

5658. 

6525. 

7712.. . 

1750. 

1631. 

2527. 

2906. 

3417. 

4059. 

4531. 

4679. 

4746. 

5626. 

6489. 

7675. 

2000. 

1619. 

2513. 

2890. 

3400. 

4040. 

4511. 

4659. 

4729. 

5606. 

6667-t 

7651. 

2500. 

1600. 

2489. 

2864. 

3372. 

4008. 

4479. 

4628. 

4701. 

5574. 

6430. 

. 7613, 

3000. 

1505. 

2470. 

2843. 

3350. 

3 963 . 

4<t5.4 . 

4503* 

-_ 4679. . 

5548 . 

640Q* 

75-82. . 

3500. 

1572. 

2454. 

2826. 

3332. 

3 963.- 



^4661.... 

5527. . 

. 637-6-* 

_255X*_- 

4300 . 

j 562 . 

2441. 

2811 . 

3316. 

3945. 

. 4AX5* 

4565* 

_ .4645*. 

5506. 

- 6355a 

-3-535. 

5000. 

1543. 

2418. 

2786. 

3290. 

3915. 

4384. 

4535. 

4619. 

5478. 

6320. 

7499. 

6000. 

1528. 

2399. 

2765. 

3267. 

3890. 

4358. 

4510* 

4596. 

44S2. 

629Q* 

.7468 * . 

7000. 

1515. 

2383. 

2747. 

3248. 

3866. 

4336. 

4487. 

4577. 

5429. 

6264. 

7441. 

SffffO. 

T 50T7 — 

2367. 

2730. 

3230. 

3 848. 

4315 • 

"4467. 

4559. 

5408. 

6240. 

7416. 

9000. 

1491. 

2353. 

2714. 

3213. 

3829. 

4296. 

4448. 

4542. 

5388. . 

6218. 

7393. 

10000. 

1479. 

2339. 

2699. 

3197. 

3611. 

4277. 

4430. 

4525.- 

5369. _ 

6196. 

7371. 

12500. 

1453. 

2306. 

2662. 

3159. 

3767. 

4233. 

4386. 

4486. 

5324. 

6145. 

7317. 

lTObSl 

1426. 

2273. 

2626 . 

3121. 

372*. 

4189. 

4343." 

4448. 

5279. 

6094. 

7264. 

17500. 

1426. 

2273. 

2626. 

3121. 

372*. 

418 9 • 

4343. 

4448. 

5279. 

6094. 

7264. 

20000. 

1426. 

2273. 

2626. 

3121. 

372*. 

4189. 

4343. 

4448. 

5279. 

6094. 

7264. 


22500. 


1426. 


2273. 


2626 . 


3121. 37 24. 41 8 9. 43 43. 4448. 


5279. 


6094. 


-IZ61. 
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Table 22. Absorptive Cross Sections (millibarns) for Antialuminum Projectiles 


ENERGY 


MEV/AMU 


50. 

75. 

_joo. 

12 5. 

_150. 

175. 

200 . 

225. 

~ 250. 
275. 
300. 

3 50 • 
400 . 
500'.' 

600 r 

700. 
800 ._ 
00 . 
i'ooo. 

JL250. 
_i_5o6 . 
1750. 
2000 . 

2 50 0 .' 
3000 
13500 . 
4000. 
5000. 
6000. 
7000. 
“8000 . 
90007 


1329. 

12.61,. 

1216. 

1181. 

1160. 

1139. 

1124. 

1109. 

1098. 

1087. 

1079. 

1064. 

1051. 

1032. 

1019. 

1008. 

99JB. 

991/ 

984. 

972. 

961. 

952. 

947. 

937'. 

930 . 

924. 

919. 

910. 

9Q3, 

897. 

B9JL, 

885. 


1897. 

.IAIAjl 

1760. 

1716. 

1691. 

1666 . 

1648. 

1629. 

1615. 

1602. 

1592. 

1573’.* 

1558. 

1534. 

1518. 

1504. 

1492. 


2 143. 

.. .205A ju 
1995. 
1948. 
..192i... 
1894. 
1874. 
1854. 
1839. 
1825. 
_1 8 1 4 • 

’ 1793 i 
1776.“ 
1751._ 
1733 ^ 

‘ 1718V 
1705. 


2449. 

2,2.90 *_ 
2240. 

2181. 
2160. _ 

2122. 

2107. 

2095. 

2073." 

2055. 

joji^ 

2008. 

1992 . 

1977. 


2659. _3117. 

2 Z52L. — .3607.,... 

2663. 2935« 

_ 2628. 2678. ... 

ZJte<U- 


2562. 

_ 2538. 
.1211.1*.... 


2810. 

2786. 

2261,. 


3180. 

3071.. 
2999. 
2943. 

JL9A9*. 

2876. 

2852. 

2627 .. 


3142, 

2Q4Dt_ 

_ 2973^. 

2919 ._ 

, -268.8, 
2857,. 
2834. 

. _ 28 . 11 . 


3688. 4226. 

3573- 4099. 

.2499, 4017 1 

2429, 2921, 


_4860_, 

_.422B^__ 


2368.. 

3343.. 


2872, 

_2845^ 


4571 , 

4531.- 

4490 1 

446 0. 

— 4420^-. 


2497. 

2743. 

2809. 

2794. 

__ 3298. 

3795. 

**08.„ 

2480. 

2726. 

2791. 

2778. 

3290.- 

3775^ 

4386. 

2466. 

2712. 

2778. 

2765. 

-...1266. 

3759. _ 

437k, _ 

2**2. 

2686. 

2752. 

27*2. 

3239. 

3729. _ 

4339. 

2*22. 

2666. 

2732. 

2723. 

3218. 

3705. 

*31*. 

.... Mk„. 

.2634,.. 


2.694* 

ilftSL. Ife&SU. 

A2Z&J 

2370. 

2613. 

2679. 

2674. 

3X63. 

3644. 

*250 . 

2 352. 

2594. 

2661. 

2657. 



*227. 


2642 « 


. 3126, 3603 1_ 42 Qfuu . 


1483. 

1474. 

1695. 

1685. 

1967. 

1957. 

_2 323, 
2312. 

„2565, 

2553. 

2632. 

2621. 

2631, 

2621. 

3113,_ 

3102. 

_.. 358.8. 
3575. 

*191. 

*178 , 

1459. 

1446. 

_it>t>9. . 
1655. 

IJLi?.* 

1923. 

-UIZjl. 

227*. 

2515. 

2AM*. 

2583. 

-.1603,. 

2587. 

.-10-91.... 

3062. 

2552 , „ 

3531. 

4153. 

4132. 

1435. 

1642 . 

1910. 

2259. 

“ 2499* ~ 

2568. 

2573. 

3046. 

3513. 

4113. 

1*26. 

1634. 

1902. 

' ZZ 50. 

2490. 

2558. 

2565 . 

.... 3Q3.7... 

_ -35JXL. 

.__*102 

1*16. 

1622. 

1888. 

2 234. 

2474. 

2543. 

2551. 

3021. 

3484. 

*083. 


1407. 
1400. 
1392, 
1382. 
. 227 3 ,.. 

1365. 

1358. 

1351 


1612 . 

1603. 

JZl296^„ 

_AA fi 4._ 

1565. 

" 1557V 
I549r 


1878. 

0169, 

.1861.. 

_1848,_ 

_M32,_ 

1_828. 

1819. 


218 8. 

2.176.,- 

_ 2165. 
2155. 


2461. 
2*51., . 
2442, 
24 27. 
.0415,. 
2404. 
2394. 


„ 2521 ,_ 

2512^. 

2 498. 

__2425,._ 

2475. 

2465. 


2522a. 2 9 99. . 

2524, 299k. 

-2512, 297 5. 


3452, 4J052_ l _ 

3448, -4046. 


2492. 2952. _1404_, 4001. 

2 483. 2942. 3392. ' 3 989. 


10000. 

" 880 . " 

1344. 


1803. 

2137. 

2375. 2‘ 

12500. 

867. 

1328. 

1525. 

178*. 

2116. 

2354. Z 4 

155W. 

855. 

T313. 

1507. 

1766. 

2 095. 

2332. Z 4 



22500. 


1507. 

1507. 

1507. 


1766. 

176 6. 

1766. 


2C9 5 
2095. 
2 095. 


2332. 

2332. 

2332. 


2405. 

2405. 

2405. 


2431. 

2431. 

J243lju 


2880. 

2860. 


3 

3 


3916. 

3916. 


30 
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Table 23. Total Cross Sections (millibarns) for Antiargon Projectiles 


ME V /A MU 


50 . 
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Table 24. Absorptive Cross Sections (millibarns) for Antiargon Projectiles 


ENERGY 


ME V / AMU 

HE 

C 

0 

AL 

Ak 

EE _ 

cu 

BK 

AG 

BA 

PB 


& 0. 

1614. 

2238. 

2504. 

2837. 

3276. 

3555. 

3625. 

3600. 

4175. 

4741. 

5419. 

75. 

1537. 

2146. 

2405. 

2732. 

3161. 

3436. 

3507. 

3488. 

4052. 

4605. 

5277. 

100. 

1486. 

2086. 

2341. 

2663. 

3086. 

3359. 

3430. 

3415. 

3971. 

4517. 

5184. 

125. 

1446. 

2038. 

2290. 

2609. 

3026. 

3297. 

3369. 

3357. 

3906. 

4446. 

5110. 

150. 

1423. 

2010. 

2260. 

2576. 

2 990. 

3260. 

3333. 

3323. 

3868. 

4404. 

5066. 

175. 

1399. 

1982. 


2544. 

2955. 

3224. 

3296. 

3288. 

3830. 

4362. 

5022. 

200. 

1382. 

1962. 

2208. 

2521. 

2929. 

3198. 

3270. 

3264. 

3803. 

4332. 

4991. 

225. 

1365. 

1941. 

2185. 

2497. 

2903. 

3171. 

3243. 

3238. 

3774. 

4302. 

4958. 

250. 

1352. 

1926. 

2169. 

2480. 

2884. 

3151. 

3224. 

3219. 

3753. 

4279. 

4934. 

275. 

1340. 

1911. 

2154. 

2463. 

2865. 

3132. 

3205. 

3202. 

3734. 

4257. 

BLlllM 

300. 

1331. 

1900. 

2141. 

2450. 

2851. 

3117. 

3190. 

3188. 

3718. 

4240. 

HRXm 

350. 

1313. 

1879. 

2118. 

2425. 

2824. 

3090. 

3163. 

3162. 

3689. 

4208 . 

4860. 

400. 

1299. 

1861. 

2100. 

2406. 

2802. 

3067. 

3140. 

3141. 

3666. 

4182. 

4833. 

500. 

1277. 

1835. 

2072. 

2376. 

2769. 

3033. 

3107. 

3109. 

3631. 

4143. 

4792. 

600. 

1263. 

1817. 

2052. 

2355. 

2746. 

3009. 

3083. 

3088. 

3606. 

4116. 

4764. 

700. 

1250. 

1802. 

2036. 

2337. 

2726. 

2989. 

3063. 

3069. 

3585. - 

4093. 

4739. 

800 . 

1238. 

1788. 

2021. 

2321. 

2708. 

2971. 

3045. 

3052. 

3566. 

4072. 

4718. 

900. 

1230. 

1778. 

2009. 

2309. 

2695. 

2957. 

3031. 

3039. 

3552. 

4056. 

4701. 

1000. 

1222. 

1768. 

1999. 

2298. 

2682. 

2944. 

3019. 

E5M 1 

3540. 

4042. 

4686. 

1250. 

1208. 

1751. 

1981. 

2278. 

2660. 

2922. 

2997. 


3517. 

4016. 

4660. 

1500. 

1196. 

1736. 

1965. 

2261. 

2641. 

2902. 

2977. 

2990. 

3497. 

3994. 

4637. 

1750. 

1185. 

1724. 

1951. 

2246. 

2625. 

2886. 

2961. 

2975. 

3479. 

3975. 

4616. 

2000. 

1179. 

~1T16. 

1942. 

2237. 

2614. 

2875. 

2950. 

2965. 

3469. 

3962. 

4604. 

2 500 . 

1168. 

1703. 

1928. 

2222. 

2597. 

2658. 

2933. 

2951. 

3451. 

3943. 

4584. 

3000. 

TT59. 

1692. 

1917. 

2210. 

2584. 

2844. 

2 920. 

2939. 

3438. 

3927. 

4568. 

3500. 

1152. 

1684. 

1907. 

2200. 

2573. 

2832. 

2909. 

2929. 

3426. 

3914. 

4555. 

4000. 

1 146.” 

1676. 

1899. 

2191. 

2563. 

2823. 

2899. 

2920. 

3417. 


4543 . 

5000. 

1136. 

1664. 

1886. 


2547. 

2806. 

2883. 

2906. 

3400. 

3885. 

4524. 

6000. 

1128. 

1654. 

1875. 

2165. 

2533. 

2793. 

2870. 

2894. 

3386. 

3869. 

4508. 

7000. 

1120. 

1645. 

1865. 

2154. 

2521. 

2780. 

2858. 

2883. 

3374. 

3855. 

4494. 

8000. 

HITT 

1 636 . 

1855. 

2145. 

2510. 

2769. 

2847. 

2874. 

3363. 

3843. 

4481. 

9000. 

1107. 

1628. 

1847. 

2136. 

2 500. 

2759. 

2837. 

2865. 

3353. 

3031 . 

4469. 

10000. 

Ti'oo. 

1621. 

1839. 

2127. 

2490. 

2749. 

2827. 

2856. 

3343. 

3819. 

4457. 

12500. 

1086. 

1603. 

1819. 

2106. 

2467. 

2725. 

2804. 

2835. 

3319. 

3792. 

4429. 

15000 • 

1071. 

1585. 

1799. 

2085. 

2444. 

2701. 

2781. 

2814. 

3295. 

3766. 

4401. 

17500. ~ 

1071 . 

I"585 • 

1799". 

2085. 

2 444. 

2701. 

2781. 

2814. 

3295. 

3766. 

4401. 

ffTfi irrrfTffl 

lo?i . 

1585. 

1799. 

2085. 

2444. 

2701. 

2781. 

2814. 

3295. 

3766. 

4401. 


1071. 

1585. 

1799. 

2085. 

2444. 

" 2701. 

2781. 

2814. 

3295. 

.3766. . 

4401. 
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Table 25. Total Cross Sections (millibarns) for Anti-Iron Projectiles 


ENERGY 


MEV/AMU 

HE 

C 

0 

AL 

AR 

ft 

CU BR 

AG 

BA 

_ PB 


50. 

3285. 

4540. 

5068. 

5736. 

6602. 

7175. 

7331. 7316. 

8458. 

9572. 

10956 «_ _ 

75. 

3125. 


4860 «_ ... 

5521. 

6367. 

6933. 

7090. 0* 

8206. 

9297. 

10667. 

100. 

3021. 

4 228. 

4734. 

5381. 

0214. 

6775. 

6933. 6991. 

8041. 

9117. 

10476. 

125. 

2939. 

4130. 

4629. 

5270. 

6G9£. 

6650,. 

6807. 6821. 

7909. 

8973. 

10327. 

150. 

2 890. 

4072. 

4567. 

5203. 

6019. 

6575. 

6733. 6752. 

7832. 

8687. 

10238. 

175. 

2842. 

4014. 

4505. 

5137. 

5947. 

6501. 

6659. 6681. 

7753, 

8802. 

10148. 

200. 

2807. 

3972. 

4460. 

5090. 

5895. 

6447. 

6606. 6631. 

7698. 

8741. 

10063. 

225. 

2771. 

3930. 

4415. 

5042. 

5892. 

6J&9_3.*„ 

6551. 6578. 

7640. 

8678. 

10017. 

250. 

2 745. 

3896. 

4381. 

5006. 

5 603. 

6352. 

6511. 6590. 

7598. 

8631* 

9968. 

275. 

2720. 

3009. 

4349. 

4972. 

5766. 

6314. 

6473. 6504. 

7557. 

8587. 

9922. 

300 • 

2 700. 

3645. 

4324. 

4945. 

5736* 

6263. 

6442 . 6475. 

7525. 

8552, 




2664. 

3801. 

4277. 

9895. 

5681. 

6226. 

6386. 6422. 

7467. 

8487. 

9817. 

400. 

2634. 

3766. 

4239. 

4854. 

5636. 

6161. 

6340. 6379. 

7419. 

8435 . 

9762. 

500. 

2 589. 

3712. 

4181. 

4793. 



. A?7U ... 7396. 135,5..— 

?6za*.._. 

600. 

2 558. 

3675. 

4140. 

4749. 

5520. 

6062. 

6222. 6269. 

7296. 

8299. 

9620. 

700. 

2531. 

3642. 

4105. 

4712. 

5479. 

6019. 

6181. 6230 . 

7252. 

8250, 

9569. 

800. 

2507. 

3613. 

4074. 

4679. 

5443. 

5962. 

6143. 6 196 * 

J7213. 

8208, 

9525. 

900. 

2489. 

3592. 

4051. 

4654. 

5415. 

5954. 

6116. 6170. 

7184. 

8175. 

9491* ... 

1000. 

2472. 

3572. 

4029. 

9632. 

5390. 

5928. 

6090. 6197. 

7158. 

8146. 

9461. 

1250. 

2442. 

3536. 

399i. 

4591. 

5344. 

5882. 

6044. 6105 . 7111. 

8093. 

-_94D6 • 

1500. 

2417. 

3 505. 

3957. 

4555. 

5305. 

5041. 

6009. 6068. 

7069. 

8047. 

9357. 

1750. 

2394. 

3479. 

3928. 

4525. 

5271. 

5807. 

5970. 6036. 

7033. 

8007. 

9316. 

2000. 

2380. 

3462. 

3910. 

4505. 

5249. 

5784. 

5948. 6017. 

7011.. .. 

—798 2* _ 

9290. 

2500. 

2 357. 

3434. 

3879. 

4473. 

5 214* 

5748. 

5913. 5985. 

6975. 

7941. 

9248. 

3006. 

2338. 

3412. 

3855*. _ 

4448. 

5185/ 

5719, 

..518.5... ..5960. 694,6.. . 

. 7909. 

-9215* 

3500. 

2323. 

. 3393* 

39.36* 

_4427_* 

5 162i-- 

569 b-*.. 

5661, „5919*-_ 

i 6922*_ 

-2662* 916-7* 

4dob, 

2310. 

33781. 

_JiU8j 

4409. 

_5 142* . 

.... 5675* 

5641*- 5921.- 

.69.02* 

-7856*- 

- -9X63 .- 

5000. 

2 288. 

3351. 

3790. 

4379. 

5108. 

5641. 

5808. 5891. 

_6868_._. 

-7820.^ 

91 2 3L* 

_60Q0, 1 

2269 • ...... 

.. 322.9.*_ 

3.105* 4-ilij 

-5JLi79*- 

-5612*- 

- _ 5229*__ 56 56 *- 

6819L«_.- 


91189* 

7000. 

2252. 

3309. 

3744. 

4331. 

5C54. 

5586. 

5754. 5844. 

6813. 

7758. 

9060. 

■0000. 

2 237. 

3291. 

3724. 

4310. 

5031. 

5563. 

5732. 5023. 

6790. 

7732. 

9032. 

9000. 

2223. 

3274. 

3700. 

4291. 

5010. 

J?54.1 . 

- 5715 .*. 

—67.68*..— 


... 9.052* 

10000. 

2209. 

325 b • 

3688. 

4272. 

4989. 

5520. 

5690. 5J86*_, 


-L683j_ 

8982j.._ 

12500. 

2177. 

3219. 

3696 . 

4228. 

4940. 

5470. 

5640. 5741. 

6696. 

7626. 

8924. 

“15000. 

2144. 

3181. 

3609. 

4185. 

9691. 

6920. 

5592. 5698. 

-A69.9-!... 

7 ?_7JL._ , 

.8.656* _ 

'17566. 

2 144 • 

3161/ 

3609. 

9185. 

9 691. 

5920. 

5592. 5698. 

6646. 

7570. 

8866. 

2006 0. 

2144. 

3181. 

36o4 . 

4185. 

9891. 

5920. 

5592. 5698. 

6646. 

7570. 

8866. 

22506/ 

2144. 

3181. 

3604. 

4185. 

9891. 

5920. 

5592. 5698. 


-25.2.0*-. 

£6&£ji 
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Table 26. Absorptive Cross Sections (millibarns) for Anti-Iron Projectiles 


ENERGY 


ME V / AMU 

HE 

C 

0 

AL 

AR 

FE 

CU 

. BR „ 

- AG_ 

_ BA... PB . 


50. 

1814. 

2475. 

2757. 

3107. 

3572. 

3859. 

3928. 

3886. 

4492. 

- 5088. 5782. 

75. 

1733. 

2379. 



zim. 

1.4i2. 

3116, 


37JLU 

... 43U.5.,- 

-41.49., 


100 . 


1680. 


_12 5_. 
150. 


_175. 

200 ". 


_2? 5. 
250. 
275. 


1638. 

1.613. 

1588._ 

1571. 

1553. 

15J59. 

1527. 


2317. 
2267. 
_2 23 8 •_ 
220b. 


2588. 


25 35. 


_2 9 2_7jt 
2670. 


250_3. 

2472. 


2167. 

2166. 

2150. 


2449. 


2837. 
_280 3 . 
2779. 


33 7*. 

3312. 


3_2JL6_. 
3212 . 


_ 36$6„._ _ 
_3_5 92. _ 

-iJtSia— 

_3517. 


.3490. 


_3727^_._ 



35.88, 


_3M*u 4262 

J63j6jl_ 


858. 5542. 



3566_< 


2426 . 


2754. 


2409 . 


2736.. 


2135. 


2393 , 


300 . 

356; 


400. 


500. 

600T 


^517. 

1 498 •] 
1483.] 
1461. 
1445. 


2719. 


2123 . _ 2180 . 

21017 23577 ' 


2705. 


2680. 


2083. 


2337. 


2659. 


_ .2056* 2308j 


2626. 


2037. 


2288. 


2607. 


700. 


3165^ 
3 1A6._ 
3132^ 
■' 3103. 
3080. 
3046. 
3022. 


.3561. 354L. 

3534^__ 

3513^ 

3494^ 

3479. 


,41 37 « \b99i 


AiPli 


JL4l95_i 


A 0^9, 


3AZZj 


JlQlIIj 


3A50_?_ 

3427. 




3436. 


3993. 


800. 


900. 

1000 . 


JL431. 

1419. 

"i4ip. 

1402. 


3001. 

2983. 


1996. 


2243 . 


2559. 


1250. 


1388. 


1986 j. 
1968. 


2233. 


2548. 


2969. 
2 956. 


3Ae_2..„ 

J4A1* 

3422. 

3406. 

_ 3378. _ 

3355. 

I32 95 * “ 

_32IA, 

3_2J.5 


.Mil, 


„4 5-9.1 ■< 


jmaj 


4540. 


_3_414j 


1969. 4114. 


_3368a__ 

_11A7^_. 

3329. 


3360, 


3908. 


4474. 


4446. 


2214 


.ZIUjl 


3241. 

_ 3228 _,_ 


3315- 

1101 , 


3323, 


HH, 


5897, 


4 400 1 


.36 5 1, 


-438-4, 


1299, 


■18A.Q..I 


-41 7.0 1 


5A21^- 

537 




_5216_i 


5263. 


5245. 


1210, 


.51 8 3.1 


114JL 


5112. 


.50.65. j 


-5-Q.48., 


10 31 1 


1500. 

1375. 

1953. 

2197. 

2509. 

2914. 

3184. 

3260. 

3261. 

3796. 

4321. 

4983. 

1750. 

1364. 

1940. 

2183. 

2494. 

2697. 

3167. 

3242. 

KTTTM 

Bail 


h&txnn 

2000. 

1357. 

1931. 

2174. 

2485. 

2686. 

3156. 

3232. 

3235. 

3767. 

4289. 

4949. 

2T00. 

1346. 

1918. 

2159. 

2469. 

2868. 

3138. 

3215. 

3220. 

3750. 

4269. 

4929. 

3000. 

1337. 

1908. 

■iU-HI 



metotwhi 

EFUTWm 

KU>IW 

3736. 

4253. 


3500. 

1330. 

1899. 

2138. 

2446. 

2643. 

3113. 

3190. 

3198. 

3725. 

4240. 

4900. 

4000. 

1324. 

1891. 

2130. 

2438. 

2633. 

31Q3 . 




4229 . 


5000. 

1313. 

1878. 

211b. 

2423. 

2616. 

3086. 

3163. 

3176. 

3698. 


4869. 


1304. 

1868. 

■4i>m 

2411. 

2602. 


RCTMi 

btfcm 

Krxmi 

4194. 

4853. 

7000. 

1296. 

1858. 

2094. 

2400. 


3059. 

3138. 

3153. 

3672. 

4180. 

4838. 

8000. 

1289. 

1850. 

2085. 

2390. 

2779. 

3048. 

3126. 

3143. 

3661. 

4167. 

4825. 

9000. 

1282. 

1842. 

2076. 

2380. 

2 768 . 

3037. 

3116. 

3134. 

3650. 

4155. 

4813. 

loooo. 

1276. 

1834. 

2067. 

2371. 

2758. 

3027. 

3106. 

3125l 

3640. 

4143. 

^801. 

12500 • 

1261. 

mnnm 

2047. 

2350. 

2 734. 

3003. 

3082. 

3104. 

3616. 

4116. 

4773. 

15000. 

1245. 

1797. 

2027. 

2329. 

2JA0-* 

2979. 


3083 • 

3592. 

4089. 

4745. 

17500. 

1245. ~ 

1797. 

2027. 

2329. 

2710. 

2979. 

3059. 

3083. 

3592. 

4089. 

4745. 

20000. 

1245. 

1797. 

2027. 

2329. 

2710. 

2979. 

3059. 

3063. 

3592. 

4089. 

4745. 

22500. 

1245. 

1797. 

2027. 

-2122*-. 

jm 

... -2.979, 

_3JftJL9L* 


3.592, . 


-.4745 A ..-. 
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(a) One-pion exchange potential (OPEP). 



(b) Two-pion exchange potentials (TPEP). 



► (c) Some three-pion exchange potentials. 

Figure 1. Meson exchange potentials. 
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.1 (solid curve, from fig. 4) and G-parity transformation of NN potential (dashed 
;ntial. v 







300 


(MeV/N) 


. Data shown are from references 18 
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